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FOREWORD
[ 4
« The Mid- Amenca Vocational Curriculum Consortium (MAVCC) was organized for the”
purpose of developing instructional materﬁ’als for its eleven member states. All member
states participate in establishing annual development priorities, and the need for curriculum
in diesel mechanics truly reflects regional needs. 3 . '

- -

Diesel Engine Mechanics was originally produced in 1977. Since that time, technology
as related to equipment and methods has changed. To keep abreast of these changes,

. MAVCC has revised this book into three shorter publications-

( .
Diesel Mechanics: Electrical Systéms is the second publication

dedicated to a diesel m

hanics,curriculum. Althgugh it can be ta

r~

f a series of three texts
ht as a single text, it is

designed tc be used in cynjunction with Diesel Mechanics. Fuel Systems and Diesel Mechan-

ics. Fundamentals to pfovide continuity in student training., Other MAVCC publications

entitled Hydraulics and Power Trains will broaden the scope of the diesel training. Another

uge of this book is to supplement the training of an auto mechanics student who may later

be working on diesel powered automobiles. It is hoped that this.effort will provide industry

with truly well trained technicians for the world of diesel and the‘varied skills it demands.
“

The success of this publication is due, in large part, to the capabilities of the personnel .
who worked withyits development. The technical writers have numerous years of industry as
well as teaching experience. Assisting them in their efforts were represertatives of each of
the member states who brought with them technical expertise and the experience related to
the classroom and to the trade. To “assure that the materials would parallel the industry
environment and be accepted as a transportable basic teaching tool, orgamzatnons and in-

" dustry representatives were involved in the developmental phases of the manual. Apprecta-
tion is extended to them for their valuable contributions to the manual.

Instructional materials in this publication are written in terms of student perfornnee
using measurable objectives. This is an innovative approach to.teaching that accents and aug-
ments the teaching/learning process. Criterion referenced evaluation instrumgnts are pro-
vided for uniform measurement of student progress. In addition to evaluatingngcall infornta-
tion, teachers are encouraged to evaluate the other areas including procesy and product as
ifdicated at the end of each instructional unit. .

It is the sincere belief of the MAVCC .personnel and all those members who served
on the committees that this publication will allow®he students to become hetter prepared
and mare effective members of the work force,

»

Merle Rudebusch, Chairman

Board of Directors

Mid-America Vocational
Curriculum Consortiu/m
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PREFACE ~ _

. - .

‘Both the development and revision of instructional materials in diesel mechanics ttave been

rewarding efforts because of the talented peopfe who planned and wrote the imaterials.

Fronythe team of teachers, industry representatives, and trade and industrial staff members o
whose combined years of experience in the diesel trade tptal over 260 years has come a
series of texts which should offer diesel mechanics students an excellent opportumty for
learning requnred sknlls

The title of this second book of the series, Diesel Mechanics. Electrical Systems inditates
that this book s dedicated to teaching the concepts related to electricity and circuitry in a
diesel trade., liaturally, this book is designed to be used with other MAVCC books related to
diesel. TheseSnclude Diese/ Mechanics. Fuel Systems, Diesel Mechanics. Fundamentals,
Power Trains, and Hydraulics. &

As complex as sorme mechanical activities are, the MAVCC format presents the procedures
in logically ordered objectives that facilitate a comfortable learning rate. The format also
frees the instructor to concentrate on reinforcing classroom instruction with. films, field
trips, and other.activities that serve to manntam student interest at a high level and motivate
students to learn and do. . .

>

Despite careful planning and editing, we know that the text may perhaps contain a typo-,
graphical error or two. Letting us know when you find such items will be a great help in
improving the product before reprint time. But most of all, your input about the major
elements in the book will be valuable.help for changing or adding obiectives when the
materials are again revised and updated. 7

We respond to your suggestions, and we hope the quality of the MAVCC materials related to
diesel will serve a positive role in the classroom and provide industry with the skilled people

that are so needed.

Ann Benson
« Executive Director

. Mid-America Vocational
Curriculum Consortium
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USE OF THIS PUBLICATION
( »

’,
12

Instructional Units

a4

Diesel Mechanics: Electrical Systems includes nine units. Each instructional unit
includes somg or all of the basic components of a.unit of instruction: performance objec-
tives, suggested activities for teachers and students, information sheets, assignment sheets,
job sheets, visual aids, tests, and answers to the test. Units are planned for more than one
lesson or class period of instruction, : . '

. ¥ -
Careful study of each instructional unit by the teacher will help to determine:
A. The unt af material that can be covered in each class period
) B. The'skill§ which must be demonstrated
1.  Supplies needed
2. Equipment needed
3.  Amount of practice needed
4.  Amount of class time needed for demonstrations
. Supplementary materials such as pampbhlets”or filmstrips that must be ordered
D. Resource people who must be contacted

Objeetives ’
@ . . ‘ J
L]
, Each unit of instruction is based on performance objectives. These objectives state the

.goals of the coursethus providing a sense of direction and accomplishment for the student.
. ¥ .

" Performance objectives are stated in two forms: unit objectives, stating the subject
matter to be covered in a unit of instruction; and specific objectives, stating the student per-
formance necgssary to reach the unit objective. ’

Since the objectives of the unit provide direction for the teaching-learning probess, it

' 1s important for the teacher and students to have a common understanding of the intent of
the objectives. A limited number of performance terms have been used in the objectives for
this c/urnculum to assist in promoting the effectiveness of the communication among all
individuals using the materials. .

Following is a list of performance terms and their synonyms which may have beén used

in this material’

.

1]

Name Identify " Describe
Label Select Define )
List in writing Mark Discuss in writing
" List orally Point out Discuss orally ,
Letter Pick out Interpret
Record + Choose Tell how
Repeat Locate Tell what : .
Give , Label Explain )




@

{Dis) connect -

Reading of the objectives by t

!

Order Distihguish Construct
Arrange Discriminate Draw
Sequence Differentiate . Make
List in order . ’ Build

* Classify . Design
-Divide ) 3 Formulate
Isolate Reproduce
Sort Transcribe

Reduce .
Increase
. Figure

" Demonstrate - Additional Terms Used
Show your work Evaluate - Prepare
Show procedure Complete Make
Perform an experiment Analyze Read -
Perform the steps Calculate Tell
Operate Estimate Teach
Remove ) Plan Converse
Replace ) Observe Lead
Turn off/on Compare ’ State
{Dis) assemble, Determine Write

Perform

Etud‘enf should be follow#d by a class discussion to

answer any questions concerning performance requirements for each instructional unit.

Teachers should feel free to add objectives which ‘Wi|| fit the material to the needs of

the students and community.

When teachers add objectives, threy should remember to

supply the needed information, assignment and/or job sheets, and criterion tests.

™ Suggested Activities for the Instructor: [

t

-~

’ Each unit of instruction has a suggested activities sheet outlining steps to follow in

accomplishing specific objectives. Duties of instructors will vary according to the particular
unit, however, for best use of the material they should include the following: provide
students with objective sheet, information sheet, assignment sheets, and job sheets, preview

. filmstrips, make transparencies, and arrange for resource materidls and people, discuss unit

and specific objectives and information sheet; give test. Teachers are encouraged to use any
additional instructional activities and teaching methods to aid studerits in accompllshmg the
objectives.

. ) N ' '
Informatlon Sheets

¢

" Information sheets provide content essential for meeting the cognitive (knowledge) ob-
jectives in the unit. The teacher will find that the information shedts sefve as an excellent
guide for presenting the background knowledge necessary to develop the skill specified in
the‘unit objectlve ‘

Stud®nts should read the information sheets before the information s dsscussed in
class. Students may take additional.notes on the mformatlon sheets.

. c




LY

Transparency Masters-

Al

v

Transparency masters provide information in a special way. The students may see as
well as hear the material being presented, thus reinforcing the learning process. Transparen-
cies may present new information @r they may reinforce information presented in the in.
formation sheets. They are particularly effective when identification is necessary. .

4

Transparencies should be made and placed in the notebook where they will be imme-
diately available for use. Transparencies direct the class's attention to the topic of discus-
sien. They should be left on the screen only when topics shown are under discusion.

Job Sheets ,

Job sheets are an important sggment of each unit. The instruetor should be able to
and in most situations should demonstrate the skills outlined in the job sheets. Procedures
outlined in the job sheets give direction to the skill being taught and allow both student and
teacher to check student progress toward the accomplishment of the skill. Job sheets
provide a ready outline for- students to follow if they have missed a demoristration. Job
sheets also furnish potential employers with a picture of the skills being taught and the
performances which might reasonably be expected from a person who has had this training.

' Assignment Sheets -

Assignment sheets give direction to study and furnish practice for paper and pencil
activities to develop the knowledges which are necessary prerequisites to skill development.
These may be given to the student for completjon in class or used for homework assign-
ments. Answer sheets are- provided which may be used by the student and/or teacher for
checking student progress. ’

Test and Evaluation

Paper-pencil and performance tests have been constructed to measure student achieve-
ment of each objective listed in the unit of ingruction. Individual test items may be pulled
out and used as a short test to determine student achievement of a particular objective. This
kind of testing may be used as a daily quiz and will help the teacher spot difficulties being
encountered by students in their efforts to accomplish the unit objective. Test items for ob-
jectives added by the teacher should be constructed and added to the test.

Test Answers

Test answers are provided for each unit. These may be used by the teacher and/or
student for checking student achievement of the objectives. °

~




DIESEL MECHARHCS: ELECTRICAL SYSTEMS
|NSTRU.CT|ON6AL/TASK ANALYSIS )

JOB TRAINING: What the # ’ RELATED INFORMATION: What
Worker Should-Be Able to Do . the Worker Should Know
(Esychomotor) (Cognitive)

)

UNIT I: INTRODUCTION TO ELECTRICAL SYSTEMS °

1. Terms and definitions
; , ~ 2, éafety peactices 3
. %foupd in an;atom
4. Nature of electron flow \

5. Sources of electricity related |
-to diesel engines

Parts of a basic circuit

Conductors and insulators in
electron theory

Basic circuit terms
Causes of resistance

Basic electrical schematic
symbols

Letter designations used in
Ohm's Law

~

Ohm's' Law
Types of electrical circuits

Rules for series and paraliel
circuits i

X
Factors affecting resistance in
a conductor,

Characteristics of magnetism

Relationship between electri¢-
ity and magnetism

. . A .
Principle of electromagnetic
induction _

Magnitude of induced voﬁage-»




- .

' JOB TRAINING: Whitthe 7 ) .. RELATED INFORMATION: What:
Worker |d Be Able to Do ’ the Worker Should Know

« (Psyc otor)

‘ 20.

v 21

22,

-~

23. Solve problems using Ohm's Law

(Cognitive)
Types of electric current
Direct and alternating current

Instruments use in checking

_electrical circuits

Terms and definitions
Types of connectors ~
Symbols used in circuits

Checking an electrical circuit’

Troubleshooting an electrical
system A4

Types of test equipment *\

<N “" UNIT Il: ELECTRICAL CIRCUITS" *
L.
o 3
. «\ | \
ﬂ ’ 5
‘ . 6.
, 7. Check voltage
. 8. Chgck continuity -

UNIT 1II: ELECTRICAL INDICATOR CIRCUITS

N

“

8. Test the'fuel level gauge N
sending unit . . ;

1)
‘9. Check for a grounded circuit

<
¢

. 1.

Terms and definitions
Type§_ of gauges
Parts in a gauge citcuit

Testing procedures for an
ammeter gauge -

Testing a fuel level gauge

Testing a temperature gauge

Procedures for testing a volt- °

meter 13




JOB TRAINING: What the
Worker Should Be Able ta Do
{Psychomotor)

UNIT IV: STORAGE BATTERIES -

8.- Clean and service a battery
+ 9. Remove and replace a battery

10. Measure specific gravity of
a battery's electrolyte with
. a hydrometer

11. Load test a b-a',tter_y '}

1 5
12. Charge test a batfery for
three minutes .

#

’

* RELATED INFORMATION: What . °

the Werker Should Know-
(Cognitive) “

11 Terms and definitions

2. Functions of a battery

3. Parts of a battery

4. Process by which a battery
converts chemical-energy into
electrical energy -

5. Battery rating

6. Care'and maintenance of

batteries -

7. Characteristics of "service free"
batteries

2

UNIT V: STARTING CIRCUITS

1

1. Terms and definitions

Purpose of a starting circuit -
Parts in a starting circuit

Parts of a starting motor
Operation of a starting motor
Types of starter field circuits
Counter electromotive force

Types of switches

© ® N o O A W N

Engaging starter drives




JOB TRAINING: What the
Worker Should Be-Able to Do
_(Psychomator)

]

11. Remove and replace a
starter

12. Disassemble, test, and
reassemble a starter -

13. Test starter circuit

14. Recondition starting motor
armature

15. Check voltage drop in a
starter_circuit

RELATED INFORMATION: What
the Worker Should Know
= {Cognitive)

10. Types of e|ect\roma‘gnetic or
lever shift drives

UNIT VI: IGNITION CIRCUITS

9. Remove and install a distributor

10. Remove and replace contact
points and condenser

11. Adjust dwell on an externally
adjustable distributor

12. Check and set ignition timing

*13. Rermriove, service, and replace
spark plugs

1]

1. Terms and definitions

2. Purpose of an ignition circuit

) .’ . ..
Components of an ignition

circuit

4. Primary.and secondary ignifion
circuit components

Components of a distributor

3 A

6. Operation of an igﬁition circuit

7: Transistorized and capacitive
discharge ignition systems

8. Components of an electronic
ignition system




, JOB TR“AINING: What the ) . RELATED INFORMATION: What
Worker Should Be Able to Do > the Worker Should‘Know
(Psychomotor) . (Cognitive)
“UNIT VII: GENERATOR‘ CHARGING CIRCUITS
- h ' 1. Terms and definitions

2. Purpc;sgofa generator charging
circuit .

Kinds of chafging cicuits
v

Componentsinthe DC charginlg ‘
circuit

Parts of a generator

Stages of a charging circuit
FJow of current
Conversion of AC to DC
Generator field circuits

Generator regulator compon-
ents

Types of generators

Revarse polarity

X Tyts of electrical. failure

Test generator output
Remove and replace a generator

Disassemble, test, and reassemble
a generator

Test and adjust a regulator unit

UNIT VIII: ALTERNATOR CHARGING CIRCUITS

. 1. Terms and definitions

2. Purpose of the alternator
charging circuit

Components of the alternator
charging circuit

Parts of an alternator




JOB TRAINING: What the
Worker Should Be Able to Do
{Psychomotor}

10. Test the alternator charging

circuit and regulator

11. Remove and replace an alternator

12. Disassemble, test, and reassemble

an alternator

13. Test and repair a transistorized

regulator

14. Test an alternator with an
I.C. regulator

* RELATED INFORMATION: What
the Worker Should Know
(Cognitive)

Difference between an alter-
nator and generator

Constructionof stator windings
Brushless alternators

Parts of a transistorized regu-

lator
-

Safety rules

UNIT IX: EMERGENCY SHUT-DOWN CIRCUITS

rl

8. Troybleshoot the contactor
switéh for water temperature

10. Test a shut-off and alarm system

1

P

iE
2.

.

Terms and definitions

Characteristics of a temperature
controlled system

Shut-off solenoids

." Overspeed contactor switch

Pressure switch .

Oil pressure and water temper-
ature shut-off switches

Oil pressure contactor switch

Operation of an alarm system
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TOOLS AND MATERIALS

s -

(NOTE. This 1s an alphabetized list of tools and materials needed to complete the job sheets

in this text.) . s
Adjustable, fast rate battery charger

Air gap gauge

Alternator diode removal equipment

Alternator pulley removal tools

Alternator test equipment

Ammeter -

Appropriate conductors

Appropriate service manual

Auxiliary starter buttans

Baking soda and water solution

Ball bearing grease,

Basic hand tool set

Battery

Battery anti-corrosion paste

Battery cable clamp removal tool

Battery cable puller
Battery cable spreader
Battery capacitor tester
Battery clamp puller
Battery lift strap
Battery pliers

Battery post and cable cleaner

Battery post cleaning tool

Belt tension gauge

Bristle brush

Cap

Carbonpile resistor

Chalk

Circuit tester

Clean shop towels

Combination end wrenches (3/8" - 3/4", 7/16" - 9/16")
Contactor switch ‘
Container of clean water

Continuity light J

Distributor cam lubricant

Drill motor

Dwell meter

Engine

Extensions, 3" - 6" - 10" by 3/8" drive

Feeler gauges, .010- 0.25

Generator

Generator pulley puller

Growler

Hacksaw blade

Hammer

Heating torch
oHex contact point adjusting tool

I3

>

t




Hose assemblies (2) .
Hydrometer
Ignition wrerch sit, small
Jumper teads .
Jumper wire, 12" with alligator clips .
Manutacturer's specifications
Metal block for heat sink
, Meta! pan
Needle nose pliers
1/4 onr fixed resistor
Ohmmete-
Pipe nipple, 1/8" x 2" .
Pipe nipp'es, 1/8" x 3.5" (2) ke
Pipe tap, 1/2" NPT
Pliers (2 pair) *
Point alignment tools
Point file, small
Pressure gauge, 0-60 p.s.i.
Ratchet, 3/8" drive
Rubber apron
Rubber gloves
Safety glasses
Screwdriver : ,
Shut-off cock fittings
"Spark plug socket, 3/8" drive -
Spark plug socket wrench
Special distributor wrenches, as required
Special too! for turning commutators or a lathe
Special tool for undercutting commutator or hacksaw blade
Spring tension gauge
Starting motor
Suitable armature growler and test light

N

Switch

Tachbmeter , - .

Tees, various sizes (3)~ .
Test lamp

Thermometer, 0-220°F
Torque wrench
Variable resistor
Vehicle
'Voltmeter

Wire brush g
Wood block, small
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INTRODUCTION TO ELECTRICAL SYSTEMS
UNIT | , -

r

»

UNIT OBJECTIVE

[} M .
- . - ‘

After completion of this unit, the student should be able to define electricity according to
the atomic theory and solve problems usihg{_«Ohm's Law. The student should also be able to
identify three types of electrical circuits and distinguish bétween direct and alternating
current. This knowledge will be evidenced by co'rrec.:tly performing the procedures outlined
in the assignment sheet and by scoring 85 percent on the unit test.

[

- SPECIFIC.OBJECTIVES . &

T

»

. After completion of this unit, the student should be able to:

1.

2.

3.

4.

5.

®

©

1.

13.
14.
15.

16.

o

" 10.

v’ ?

Match terms related to electrical systems with their correct definitions.

Select true statements concerning safety practices dealing with electrical systems.

.
N
[3

Name two particles found in an atom.

Explain th'e nature of electron flow.

Define electricit_y according to the atomic theory.

Identify three sources of electricity related to diesel engines.
Name three parts of a basic circuit.:

Distinguish between a good conductor and a good insulator in electron theory.

3
-

Distinguish between good conductors and insulators of electricity.
Explain why copper is widely used as a conductor.

Match the basic circuit terms with their units of measure.

List two causes of resistance to the flow of current (electrons). .
Match the basic electrical schematic symbols with their correct names.

Match the letter designations used in Ohm's Pw with their correct terms.

LN

Draw Ohm's Law formula in triangle expression.

-

Al

State Ohm's Law in letter formula for calculating voltage, current, and resistance. *

!

S

-




17.

18.
19.
20.
21.
'22.
23.

24,

-

25.
26.
27.
28.
29,
30.

4

-

v

Identify thrée types of electrical circuits.

;List three rules for series circuits. . . a . .
. ) ‘ \

List three ru|eﬁfor parallel circuits.  « . . ‘ .
Name th.ree factors affec'ting resistan’cé,‘in a c'o‘nductor'. |

Select the characteristics of magnetism. -

v

'Comp'leteaj fist offways_an iron bar may be magr)e_tized. t .
Se|e;:t t:ru.'e s?atenjents cloncerqning the r_e|ation;hip‘betw‘een'electricity and magne.— )
tism. . Le

Select true statements concerning the principle of e|ectromagﬁeti<£ induction.
Lis.t three ways in,which a vc;|tage may be induced by electromagnetic induction.
List three factors that determine the‘magnitude of indtaceci voltage.

Name two types of electric curreﬁt.

Distinguish between direct and alternating current. ‘

Name four instruments used in checking electrical circuits.

Solve problems using Ohm's Law.
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VI.
VII.
VIIL.

r

INTRODUCTION TO ELECTRICAL SYSTEMS

UNIT-I
‘ SUGGESTED ACTIVITIES - L
. - o
* Provitle student with objective sheet. )
Pfovide student with information and assignment sheets. / R
Make transpatencies. . . . - a
Discuss unit and s;'wcific objectives. WM
Discuss information and assignment sheets,
Demonstrate magnetic lines of force by using iron filings and a conductor. M
Assign students to construct 3 series and a parallel circuit. , ' ' :

[ —

Demonstrate safety practices concerning electricity.

Demonstrate how to make an electromagnet using 5' of copper wire, a soft
iron bar, :and a 1.5 volt battery. .

Give test.

3

INSTRUCTIONAL MATERIALS

-

bl

Included in this unit:
A. Obijective sheet

B. Information sheet

C. Transparency masters

1. TM 1--Structure of Atoms

TM 5--Ohm's Law in Letter Designation

. 2. TM 2--Electron Flow
3. TM 3-Sources of Electricity | °
.4, TM 4--'Oh’nl1's Law in Triangle Expression x
. .
6.

T?VI 6--;ry;.3es of Electrical Circuits . Bk

© 7. TM 7--Series Circuit Rules .

) =€



S 8. TM 8-Parallel Circuit Rules - « * o . :
. " a 9. TM 9--Magnetism and Field of Force : , . .

! « L 4
X10. TM 10--Electricity-and Magnetism Relationship : . \ oL :

11. ™™ 11--Measuring Instruments

. D. Assignment Sheet #1--Solve Problems Using Ohm's Law
E. Answers to assignment sheet ‘ : ) \

F. Test _ |

e
' <

G. Answers to test

a

Il. References: , . ) - : L .

A. Fundamentals of Service: Electrical Systems. Fourth Edltlon Moline, IL
Deere and Company, 1979,

B. Parady, Harold W., and Turner, J. Howard. Electric Energy. Athens,‘ GA:" ———
American Association for Vocational Instructional Materials, 1976."
C. Dagel, John F. Diesel Engine Repair. New York: John Wiley and Sops, Inc., N ' ' _*;
: 1982. . . '
D. Foutes, William A. Diese/ Eng/ne Mechanics. Stillwater, OK: Mld America s \

"“Vocational Curriculum Consortium, 1977.




o>

INTRODUCTION TO ELECTRICAL SYSTEMS -
UNIT | N

»\ .
INFORMATION SHEET

-
’

Terms and definitions

A. Atom--Smallest unit of all matter
B. Electrons--Particles \Aﬁa negative charge in orbit around a core of protors

C. Protons--Particles with a positive charge that make ‘up tHe nucleus of the
atom .

D. Current-Flow of electrons through a conducfor,~measured in amperes
E. Conductor--Any material that permits passage of electric current

F. Semiconductor--An element which has four electrons in outer ring; used
to make diodes and transistors; not a good conductorfor insulator’

G. Voltage-Potential difference that causes flow of current
H. Resistance--Opposition to current flow in a conductor ‘
I.  Insulator--Matérial with an extremely high resistance to current flow,

J.  Electrochemical--Stored chemical energy which can be converted to electri-
cal current ’ )

K. Electromagnetic--Electricity generated by cuttingthe magnetic lines\qf force
(field) around a magnet

’
N

Thermoelectric--Electricity generated by heat
» «

M. Thermocouple--Thermoelectric device used to measure temperature accufat-
ely

N. Electromagnetic induction--Inducing -voitage in a conductor that moves
across a magnetic field

v o

0. Mutual induction--Occurs when changing current in one coil induces voltage
in a second coil

P. Self induction--Voltage which occurs in a coil when there is a change. of
current .

Q. Generator {direct current)--Voltage and current produced by moving con-
ductors across a stationary magnetic field

R. Alternator (alternating current generator)--Voltage and current produced
by a rotating magnetic field cutting across stationary conductors -
) LN

S.  Work--Force times distance
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Safety oractices dealing with electricai systems

A

™

©c o ®

Fower ©ate ,1domg work T

“

4 5 g
Woait Bl Limcar measurement of rate of domg NC . d .
(NOTE"-746 watts = 7 horsenower ) ~ . . R

A v - - . N
’ . - v ‘ . - ., " . ,. . .
Ewf Elertromotve “ores of voltage I T
Counter emf Voltage nduced 1 a cdnductor' which 15 = oving t‘hrouah
NG magneuc field in opposition to “he sourca of voitage - .
(NOTE" This s a gengrator action developed In every, motor ) .
Cycle (hertz)--One, complete reversal of an alternating carrrent from posmve ’
to negatnze and back to the starting point _
Parailel circuit- Current has more than one path to take
Series circuit- Current has only one path 1t can take S ) .
_Seniesparalie!  eircuit-A  circuit  consisting  of ‘both  sernés . and . ’

paraliet compbnents

Safety:-State of being fren from risk |

When working on electrical system that is connected to the battery, remove .

all jaweiry - ; ’
. , _ L

Nien disconnecting batter 7 cabies, remove the ground cable first o o -

v N
e B '3 .

{f you are using an ohmmetear, disconnect the battery ’ ,

Never leave‘the ignrtjon switch on whert instaling a distr.butor
J . 3

Mever ground the outpit terminal of the alternator

Never la s any conductcr across the battery ferminals
“When rep! a(wq an e sctrical comnonem atway dhisconnect.thie battery
[ « 4 M ) s

. .
i P

Moeet appby SOt natte s vortage 10 the ¥ue *fmk serding unit

! ) i :
When using jumnper «ables ahwavs conpect ground to the frame or engine
Whein neing s hatter, caaraer, make vour Lon.ections before paugging the ™~ ,

e.haroer i1 N ( -

s, rake sure they maten the vehicle's ground

AL L e L0,

TenlaGing o crductor, always use the same size {gauge) conductor .

N

W iat

PESTET

.
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V.

VI.

VII.

VIH.

V..,

INFORMATION SHEET

-

B

M. When adding accessories, be sure to not exceed the charging system output

. -(NOTE: The charging system should have an output pf 10% above total
curfent draw.) ’

Particles in an atom (Transparency 1)

A. Electron

B. Proton . . - B .

a‘ . (NOTE: These are the particles involved in the electron theory.)

Nature of electron flow--When acted upon by a source such as friction, electrons _

in the outer ring or orbit break away to othér atoms (Transparency 2)

Example: When a rubber rod is rubbed with wool, electrons are removed
fromthe wool and collected on the rod. The wool now has too few
electrons and is positively char§ed. The rod has too many elec-
trons and is negatively charged.

Electricity-~The flow of electrons from atom-to atom in a conductor (Transpar-

ency 2)

Sources of electricity related to diesel engines (Transparency 3)

s

A. Thermoelectric .

B. Electrochemical

C. Electromagnetic

Parts of a circuit . '

»
A. Voltage . .
Example: Battery '
B~ Resistor
’ ]
Example:: Light bulb

C. Conductor ' ) -

Example: * Copper wire it

Conductor and insulator difference

A.  Conductor has less than four electrons in outer ring

B. _ Insulator.has more than four electrons in outer ring . . .

o gt
v -

. .o

I




. INFORMATION SHEET .

1X. Conductors and insulators of electricity

A. Conductors

(NOTE: Silver has the least resistance to current flow.)

-~
.

2. Copper

3. .Gold

4. Aluminum

5. Tungsten
6. Zinc :
7. Brass ) -
8a. Platinum
. 9."Iron . . .
10. iickel : A
11. Tin - | . . .
) 12. Steel :
13. Lead
14. Mercury

15. Nichrome

(NOTE:‘Nichrome has the highest resistancs to cuyént flow.) T

v
B. Insulators ) ‘
1. Glass ‘ i L
2. Rubber . .
3. Plastic T ,
4, Wood -
L]
5. Ceramic
4 6. Mica
X. Copper as a conductor--Copper has only one electron in outer ring and is

(Transparency 1)

. comparatively cheaper than other metals which may have the same properties .




D: ES-9

‘ - ' INFORMATION SHEET*

X1 Circuit terms and units of measure

A. Current--Amperes
B. Vo|tage--Vo|}s . . ’
C. Resistance--Ohms '

X1, Causes of resistance -

A. Core of atoms (protons) attracts orbiting electrons, which resist their remov- -
al Co.

B. Collision of countless electrons as they move

X11l.  Basic electrical schematic symbols
' A. Resistance or load _\/\/\/\,__
. B Ohm'sof resistance M

. , C. Inductor (coil) W
. D. Inductor (solenoid) _/_%\_
S

E. Ground '——_: . p:
e .
d "F. B | I.
. attery
+ i
&

G. Connection —Y—

R\/ ' ~ l
*  H. Termiral —_———

7 ’ Al . ¢

[T

i S
[
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JNFORMATION SHEET

‘

Switch (oper

Circuit breaker

K. Crossover

L. Direction of current

M Diode (one-way)

N. Zener diode

0. Transistor (PNP type)

Transistor (NPN type)

Q. Capacitor

R. Varable resistor

it

XV~ Letter designations and terms

A E Electromotive force in volts

'S

B. | Intensity {current) in amps

C. R -Resistance in onms




XV.

XVI.

XVIL

~ XVIIL

X1X.

INFORMATION SHEET

Ohm's Law formula in"triangle expression (Transparency 4)

AV

+
s

(NOTE: E.I.R. formula relCinder is the phrase "Even | Remember."4
Ohm's Law in letter formula (Transparefcy 5)
A. E=1xRor Volts= Amps x Ohms

B. I=E/Ror Amps= Volts+Ohms

4

C.- R=E/lor Ohms = Volts+ Amps

Types of electrical circuits (Transparency 6)

A. Series . .

B. Parallel

C. Series-parallel

Rules for series circuits {Transparency 7)

A. Current through each resistor is the same

B. Voltage drops across each resistor will be'different if the resistance values are
different

C. Sum of.the voltage drops equals the source voltage
Rules for parallel circuits (Transparency 8)

A. Voltage across each resistor is the same

B.  Current through each resistor will be different if the resistance values are
different

~

C. Sum of the.separate currents equals the total circuit current
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XX

XXI

XX,

JFORMATION SHEET -

v
.

Facrors affecting resistancs: in o fenductor

A Length ot - re

B Dlév*eter ofwire

C Temperature of wire
Character > s of  iagnetisr « Transparency 9@

Every mayn .t nas a north and south pele

Uniike 1oles attract and | e poles repel .

Every magnet has a field of force surroundm;; It

O 0O ® »

Magnetic materials are acted upon when located 1n a field of force

E.  Ap unmagnetized piece of iron can become a magnet through-the principle
of electromaqgnetic induction

Magnetizing an ~on bar

A, Stroke an ron bar with another bar which has beeri magnetized
4

B Placean ircn har in a strong magnetic field

'

(NOTE. SofT metals will not retain much magnetism when withdrawn
from the m%@netic figld.)
A

XX Relationship between electricity and magnetism (Trarsparency 10)

'

A. Current passed through a wire {conductor) creates a magnetic field around
the wire )

B. Magnetic ines have direction and change directiron when the current flow
changes from one direction to angther

v

the direction of the lines of force around the wire. To apply the rule, grasp
the wire with the thumb extended in the direction of conventional current
" flow {positive to negative); the fingers will then point 1n the direction in
which the hnes of force surround the conductor These lines of force are

always at right angles to the conductor. i
.

- C  Two conductors on an.armature, carrying current 1n opposite directions,

¢reate a strong and weak field on onposite sides causing conductors to move
apart or armature to rotate

{(NOTE Tnre downward movement or rotation is caused by current flowing
in the conductor. This is the principle by which a cranking motor operates.)

(NOTE: The Right Hand Rule for a straight conductor can be used to find _
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‘ ' INFORMATION SHEET

XXIV.  Electromagnetic induction

A. Conductor moving across a magnetic field will have a voltage (emf) induced
. init

B. " Voltage polarity and the current flow direction are determined by the
¢ direction of wire movement and direction of the lines of force

{NOTE: The eonductor can move or the magnetic field can move.)
XXV. Ways:to induce voltage by electromagnetic induction
, A, Generated-voltage by relative motion

Examples: Generators and alternators

B. Self induction vo|tagé created by a change of current in the conductor
Exampie: Primary of ignition coils

C.  Mutual induction voltage which occurs when changing current in one coil
induces voltage in a second coil °

. Example: Two windings of ignition coils

XXVI.  Factors that determine the magnitude of induced voltage

N

A. Strength of the magnetic field

B. Speed at which lines of force are cutting across the cohductor .

C. Number of conductors that are cutting across the lines of force ' -
. XXV|‘|‘. Types of electric current )
, l A. Direct
B. Alternating : ’
. < *
XXVIII. Direct and alternating current
. A.  Direct current
, 1. Supplied by ' . h .
v a. Generator* I -
b. Battery .
1) Dry'cell
. . 2) Wetcell ,
~ . ! p Ve .




14
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e ‘ INFORMATION SHEET )
. 2. Flows n one direction only
I d
3. Abbreviated as DC
7
B. Alternating current .
. . 1. Supplied by an alternating current generator (alternator)

2. Flows in one direction then reverses and flows in the 'oppo.site dire(;tnon
3. Abbreviated as AC
XXIX.  Instruments used in checking electrical circuits (Transparen;:y 1)
A. An.1meter
B. Voltmeter
’ a C. Ohmmeter
D. Wattmeter

(NOTE' Modern testers often combjne the voltmeter, ammeter, and ohm-
meter in one test unit, such as a battery-starter tester.)
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' Structure/ of Atoms

Electron

Hydrogen Atom : Copper ‘Atom
Uranium Atom - 1 Eléctron " 29 Electrons
92 Electrons ~ .1 Proton . © 29 Protons

92 'IP.rotons

\

I

NU'IJE: Count the Number .of Electrons in the Outer Ring of the Atom.

-
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~ Electron Flow

\ .
* . . ¢ i ™

Positive Charge Negative Charge 7

- Copper Wire




Sources of .Electricity ! ,

2-

Carbon ch

ron . Copper

/ Electrolyte

Wire

Thermocouple « Battery * Generator

Thermoelectric " Electrochemical Electremagnetlc
Source | Source ‘ Source

40

_ 6ls3:a
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Ohm’s Law in Triangle Expressi
‘ , ’

r

N:U'TE: Solve for Volts; Amps,
- or Resistance by
Covering the Unknown

Example: Eover E, then E=l x R
) Cover |, then I=E+R
Cover R, then R=E ]

R = Resistance




.
-

- ‘

~~ 0Ohm's Law in Letter Designation

“Electromotive Force
.E=IR - Volts

Current x Resistance

Amperes x Ohms

Current = Electromotive Force
Resistance
1= E Amperes = Volts |
R ~Ohms - .
_ Resisténce = Electromotive Force
- | Current |
rR-E }Jhms = Volts "
|- Amperes

44

" gz-s3:a
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Types Of Electrical Circuits . .

'SERIES CIRCUIT, " PARALLEL CIRCUIT - SERIES-PARALLEL
o o - GIRCUIT ’

N
\_/ |8 OHMS47@-_-'
8 OHMSs ‘
. @ 6" OHMS :@_
' 3 OHMS
30HMS | - .| 6OHMS b@_
6 OHMS 1 OHM -4 OHMS

L
h & '3oMMs b4 |
6 V. 6V | ev




A 1= E/R

=12/6 = 2 Amperés

B. E=IR
E = 2x2 = 4 Volts
E = 2x4 = 8 Volts

. C. 4+8 =12'Volts




: . ‘ ol I
- Parallel Circuit Rules .

L

v BAmps—>

——
——

A. Battery voltage across
each resistor = 12 Volts

—

B. I=ER=12/6
3N .

= 2 Amperes
I=E/R=12/3 °
= 4 Amperes

C. 1=6AmpsR=EA "
~—6 Amps’ N = 1/6=20Mms
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Magnetism And Field Of Force :
¥ ¥ - N \ N NN UM, M
y.4 ’ ®\,’\T";‘5:'\t‘(i/ < ¢ \u// @
- - ARSI 2 (e 2 NV IN
- \\ -— « . . o
- N+ e e O v Unmagnetized Iron Filings
. = - ! o ‘ . e
e ' . Magnetic Lines of Force -
, " R :
. ) ;
|
dl .—;.b -»-* \ ) /
P R | P S
‘ NS - L
N“S. /\ . ’/’/
N - - 7 - - . Leads From Battery "
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Electricity And Magnetism Relationship

J [ “
, 7

Right Hand Rule For Straight Conductor

Arrows Stiow Direction Of Field Of Force I 3Mqtor;Principl§ B

—

9
m
0
[~
@




S

. Electric current is measmfe,d in Volts x Amps

amperes with an ammeter.

-~

" Electric “pressure” is measured  Resistarice is measured in  Electric power is measured in

" in volts with a.voltmeter. . ohms with a chmmeter. . watts with a wattmeter.

« ('

\
3
(P!
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. INTRODUCTION TO ELECTRICAL SYSTEMS
UNIT |

‘ASSIGNMENT SHEET #1--SOLVE PROBLEMS USING OHM'S LAW
Directions: Read the problems and use the triangle expression of Ohm's Law to solve
for the unknown value in each problem. |
Example: Cover the unknown in the triangle and solve

(NOTE: E = Voltage; | = Amperes; R = Resistance.)

Show your work on each problem. Turn in to instructor after comp|eiion.

1. A current of 4 amperes is needed to operate a certain light bulb having a resistance of
3 ohms. What voltage is required? ,




~

ASSIGNMENT SHEET #1 . 1
' |
|

3. An electric horn requires 12 volts; the resistance is 20 ohms. What current does the
horn take?

a1

!
(NOTE: The electrical energy consumed in any resistance appears as heat. There
is a definite relation between the power consumed and the heat produced. This is in
accordance with the principle that energy cannot be destroyed.)

4. A lighttbulb having a resistance of 6 ohms, uses 2 amperes of current while in opera-
tion. What is the voltage applied to the circuit? :

N °

5. 'A horn connected to a 12 volt battery uses 2 amperes of current for its operation.
What is the resistance of the horn?

X




INTRODUCTION TO ELECTRICAL SYSTEMS
UNIT |

ANSWERS TO ASSIGNMENT SHEET

D: ES-39

Covering up the E shows the formula for this problem to be | x R. Therefore, E = IR =

4 x 3= 12 volts. -

Covering up the R shows that‘R = E/1 which equals 12/12 = 1 ohm.
Covering up the | shows that | = E/R. Therefore, 12/20 = .6 amperes.
E=1x R, Therefore, 6 x 2 = 12 volts. |

R = E/I. Therefore, 12/2 = 6 ohms.

2 -
J J




UNIT |

INTRODUCTION TO ELECTRICAL SYSTEMS

NAME

TEST

1. Match the terms on the right with their correct definitions.

[} .
a. Smallest unit of all matter

b. Particles with a negative charge in orbit
around a core of protons

c. Particles with a positive charge that make up
the nucleusof the atom

d. Flow of electrons through a conductor,
measured in amperes .

e. Any rmaterial that permits passage of electric
current !

f. An element which has four electrons in outer
ring; used to make diodes and transistors; not
a good conductor or insulator

)
g. Potential difference that causes flow of
current .

h. Opposition to current flow in a conductor

i. Material with an extremely high resistance
to current flow

j. Stored chemical energy which can be conver-
ted to electrical current

k. Electricity generated by cutting the magnetic
lines of force (field) around a magnet

I. Electricity generatecf by heat

. m. Thermoelectric device
temperature accurately

used to measure

n. Inducing voltage in a conductor that moves
across a magnetic field
0. Occurs when changing current in one coil
induces voltage in a second coil

by

" ERIC ~

Aruitoxt provided by Eic:

N

10.

1.
12.
13.
14,

o & u N

© 0 N o

Resistance
Thermoelectric
Electrochemical
AN

Electromagnetic

Electromagnetic
induction

Electrons
Atom
Current

Generator
(direct current)”

Alternator
(alternating
current generator)
Voltage

Protons

Watt

Power




p. Voltage which occurs in a coil when there is a
? change of current

q. Voltage and current produced by moving
> conductors across a stationary_ magnetic
field
r. Voltage and current produced’ by a rotating
magnetic field cutting across stationary
« conductors .
s. Force times distance
t. Rate of doing work

u. Electrical measurement of rate of doing

work
,
v. Electromotive force or voltage
‘ w. Voltage induced in a conductor which is

moving through a magnetic field in opposition
to the source of voltage

x. One complete reversal of an alternating
current from positive to negative and back to
the starting point

y. Current has more than .one path to take

Py z. Current has only one path it can take

N —_ .
aa. A circuit consisting of both series and parallel
components

bb.State of being free from risk

placingan " X" in the appropriate blanks.

all jewelry

e. Never ground the output terminal of the alternator

15.
16.
17.
18.
19.

20.
21,
22.
23.
24.
25.
26.
27.
28.

c. If you are using an chmmeter, disconnect the battery

f. Never lay any conductor across the battery terminals

b

Work
Thermocouple
Emf

Cycle (hertz)

Series-parallel
circuit

Conductor
Series circuit
Insulator
Counter emf
Parallel circuit
Semiconductor
Mutual induction
Self induction

Safety

2. Select true statements concerning safety practices dealing with electrical systems by
a. When working on electrical system that is connected to the battery, remove

b. When disconnecting pattery cables, remove the positive cable first

d. Never leave the ignition switch on when installing a distributor

g. When replacing an electrical component, always disconnect the battery
first .




4

Never apply full battery voltage to the fuel tank sending unit
When using jumper cables, always connect ground battery negative post

When using a battery charger, make your connections before plugging

the charger in P
=
. When adding accessories,'make sure they match the vehicle's ground @

When replacing a conductor, always use the same size (gauge) ‘conductor

. When adding accessories, be sure to not exceed the charging system output

Name two particles found in an atom.,

a ./

b.

Explain the nature of electron flow.

Define electricity according to the atomic theory.

Identify three sources ot electricity related to diesel engines.

o
4




;
/

7. Name three parts of a basic circuit.

i

“

8. Distinguish between a good conductor and a good insulator in electron theory by
placing an "X" next to the description of an insulator.

a. Has more than four electrons in outer ring
b. Has less than four electrons in outer ring"
A

Distinguish between,good conducters and insulators of electricity by placinga "C" in
front of the items that are good conductors and an "1" in front of the insulators.

a. Mercury

b. Brass
_____c. Rubber
____d Glass
_____e. Wood
__f. Nickel
____g. Plastic

h. Nichrome
L ‘ﬁlver
). Gou

k. Ceramic

. Aluminum

Explain why copper is widely used as a conductor. .

~

Match the basic circuit terms on the right with their units of measure.
a. Volts 1. Current

y__b. Ohms 2. Voltage

c. Amperes , 3. Resistance




12. List two causes of resisté'ncef‘tg—th}a flow of current (electrons).

a.

b.

-

13. Match the basic electrical schematic symbols with their correct names.

14. Match the letter desjgnations used in Ohm's Law with their correct terms.

D

a. Resistance or load
b. Ohm's of resistance

c. Inductor (coil)

d. Inductor (solenoid)
e. Ground

f. Battery

g. Connection

h. Terminal

i. Switch (open)

i. Circuit breaker

k. Crossover

|. Direction of current
m. Diode (one-way)

n. Zener diode

0. Transistor (PNP type)
p. Transistor (NPN type)
q. Capacitor

r. Variable resistor

s. Fuse

a. Electromotive force in volts
b. Intensity (current) in amps’

c. 'Resistance in ohms

~—

i11ela) o

—h
©

S ©® ® N O g s w N

EEREN

l
|

1. R
2. 1
3. E

!



. .
15, Draw Ohm's Law formula in triangle expression.

16. State Ohm's Law in letter formula for calculating voltage, current, and resistance.

<

c

.

17. \dentify three types of electrical circuits.

aA%% A% — W\

— VN A NG

/
|y . |

+] = + | . +| r_ .

a. b. . C.
7 .
18. List three rules for series circuits , . .
a. .
4 -

b: .

C.




b

C.

Select the characteristics of magnetism by placing an "X" in the appropriate blanks.
Every magnet has a north and south pole
Like poles attract and unlike poles-repel
Magnetic materialé'.are'acted upon when located in a field of force
Every magnet has a field of force surrouading it
Unlike poles attract and like poles repel

Complete the following list of ways an iron bar may be magnetized.

B

a.  Stroke an iron bar with another bar which has been magnetized _

b.

Select true statements concerning the relationship between electricity and magne-
tism by placing an " X" in the appropriate blanks. : X

Current passed through a wire creates a magnetnc field* around the wire

.. Magnetlc lines never change direction when the current flow changes direc- |
tion

3

Two conductors on an armature, earrying current in opposite directions,
create a strong and weak field on opposite sides causing conductors to move
apart or armature to rotate

Select true statements concermng the prmCIple of electromagnetic mductuon by placﬂg :
an "X" in the appropriate blanks. )
c%d

a. Conductor moving across a magnetnc fleld will have a voltage (emf}) indu

e

init
v /_

b. ‘Voltage polarity and the current: flow direction are determined by the
direction of wnreﬂ’novement ang dlrecuon of the lines of force

———

List threesvays in, which voltage may be induced by electromagnetlc induction.




s

»

* - - e
48 : )
s - ) A
e R ¢ e
26. List three factors that determine the magnitude of induced voltage. ) . . ¢
a. . ’ ,, ' s
‘ b. : , : 2 -
; v 1 l{‘ ! i . - ;
C. 2 ’ . .
0 ] 7 ;S A ~ - ’
2 , l ? ’/
27. Name two typés of electric current. ( k .
\ ’ N .
a. ’ . 7
b. “ R : L ' AT
‘ . < ri R + = - - .
Lo ’ ) . C® . . / TR . T Y
28. Distinguish between direct and alternating current by placing "DC" in front of the -
"items that refer to direct current and "AC" in froat of the items that refer to alter- .
1 _ . nating current. ' o " T
. ’ v ) o ;
a. Flows in one direction then reverses and flows in the. opposite direction * '
¥ 1 3 v < -
) b. Dry cell battery v * _ ) L
c. Supplied by an alternating current generator (alternator) \ o R
d. Flows in bne directiononly : ’ ., s
— 3 . .
e. Supplied by a generator ' , . ’
. )] )
29. Name four instruments used in checking electrical circuits. ‘ .o
3 > "’
a.
, S 4 s
b. ‘
c. ‘;
d ) ‘ ’ '
» + s R v 2 R
30. Solve problems using Ohm's Law. ‘ \ ' ” S .
. a. A current of 1.5 armperes, is needed to operate a certain light bulb having a resist-
. ance of 8 ohms. What voltage is %quired? - ; ‘
3

b. A horn connected to a 12 volt battery uses 4 amperes of current for its operation.
What is the resistance of the horn? .

ERIC
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‘ . lNTRODUCTION TO ELECTRICAL SYSTEMS B .-
] . S © UNITH X -
» ‘ A\ ) ? [%% < o~
G ANSWERS TO TEST - | E
1.8 7 h'1 o 26 v 17 - :
b. 6 . i 22 p. 27 w. 23 - , )
c. 12 .j. 3.7 _gq 9 - x. 18 ‘ T
d. 8 "=sk 4 r. 10 - y. 24 )
: e. ;20 | L2 s. 15 _ z.. 21 ’ . .
A f. 26 - m. 16 "t 14 aa. 19 ) -
9N v-n, 5 u- 13 bb 28 .
“2. a,cdre fgh ik l'm _ . :
3. "a. . Electron - ' - ]
b. Proton : ) : ' ' .
4, When acted upon by a source such as friction, electrons in the outer rmg or orbut break ,
away to.other atoms ‘ K ) -
. 5. The f|ow of eléctrons from atgm to atom in a conductor . 4 (
6. a_ Thermoelectric ' ' R -
. b. Electrochemical ) . \ .
< ¢, Electromagnetic ®
7. a. " Voltage \ , o ) S
Coebe, Resistor . ‘ C ‘ o ‘
c. Copductor i ‘ - 3 , ’
. % " *
\8/"’3 a - "~ - . ?
9. a C ‘g. ! K ) ' .
b. C -~ h.. C — Lo g g
C. L5| i. . C - N ¥ O o A ‘
d; 1 - i c
e | k., 1 .
.f. .C . C o . . .
Hh -~ ¢ e ¥
10. Copper has only one electron jn outer ring and is comparatwefy cheaper than other {
metals which may have the samé properties . , \
’ .
- <2 ~ I3
?11. a. 2 . . LVt : . , K . . B / .
b. '3 . . ’ o %
- c 1 , - -
12. a. Core .of atoms (prOtons) attracts orbmng e|ectror\s whlch resist thelr removal,
' b. Collision of countless 7e|ectrons as they miove -




. A -
- - o .
- ¢ -
sos @
q - m - 4 \’ ’ ) N
r. 2 ‘ -
s. 19 - - . ] -
L -
- _ (\ v -
.. T T,
- f * - -
rd - - -
‘- ' .
17. a.  Parallel ) . ’ “
b. Series-parallel y - ) ’ .
c.  Series ’ .
ri e ” e * - >
d.” Current through each,resustor is' the same ' -
b. Voltage drops agcross each resistor will be different if the resistance values are
different ) o ¢ . o, T
c. Sum of the voltage drops equals the sourqe voltage ) . -
<
19. a.  Voltage across each resistor is the same . A ) ’ g
’ t.  Current through each.resistor wullrbe different if the resistance values dre dlfferent .
¢. Sum of the separate currents equals the total urcu:fdurrent . -
20.. a. ‘Length of‘wure et ) C
b. Drameter of wu’e ; ' ‘ ‘ ) .o
- C. Temperature of wure o R > : . 7
] - / . . ¢ ( . . , . ) .
21, a, c,d,,e - ¢ 3 . P
22. b. Placean iron bar in"a/stil_lzg magnetic field - -
223" ac S . R .
f 4 i s ‘ o/ . <. N
? . J ar
o 24 ra’ b - N ¢ 3 - o .
’ - - i ¢ ' / - K >
25.2a. Generated voltage by rel motion - e PR , L
* b. Self induction voltdge gfeated by 3 change of current in the conductor e
¢.  Mutual induction voltage which occurs when chaﬁgmg currenit in one coil mduces ’
voltage in a second coql . ‘ o
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30.

© o

coow

)

a.
b,

Strength of the magnetic field

Speed at which lines of force are cutting across the conductor
Number of conductors that are cutting across the lines of force

Direct”
Alternating
AC

bC

“AG
.DC

DC .

Ammeter

Voltmeter
Ohmmeter
Wattmeter

12 volts.
3 ohms

K3

~

-y

~ v

3

e




‘ L \ ELECTRICAL CIRCUITS
AR UNIT I

UNIT OBJECTIVE

3 f -
{
1%

~

b After completion of this ulnit the student should be able to match different types of con-
nectors with their correct names and- to identify typical symbols used in a circuit. The
‘student should also be able to demonstrate the ability to check voltage and continuity. This
. knowledge will be evidenced by correctly performing the procédures outlined in the job
‘ sheets and by scoring 85 percent on Ehe‘unit-tgct.

«
s J . PP
’ - ‘ . ~

‘ ' SPECIFIC OBJECTIVES

< A

/-
After completion of this unit, the student should be able to:
1. Match terms related to electrical circuits with their correct definitions.

2. .Match.different types of connectors with their correct names.

' o . . . ’ v “:

- : 3. Identify typical symbols used in a circuit. - |
N i

. 4. Arrange in order the procedure for checkmg an electrical circuit from battery to |
: ground . ) . |

[ - . - .
. t

|
+. 5. Arrangein order the procedure for troubleshooting an electrical system. }
6. Complete a list of types of electrical test equipment. |

7. Demonstrate the ability to: ~ : ' .

~

a. Check voltage.
5 : ‘ . .

’ -b.  Check continuity.

C oy

; -4 : ’ ¢
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. ELECTRICAL CIRCUITS
* UNIT I -

SUGGESTED ACTIVITIES

l. Provide student with objective sheet.

. Provide student with information and job sheets.

Make transparencies.
v. Discuss unit and specific objectives.
V. Discuss informatir)n sheet. .
V1. * Demonstrate and discuss the procedures outlined in the job sheets.
VII. Have students draw wiring dnagrams of a brake light system horn circuit and/or
additional lighting circuit.
VI Demonstrate safety practices on electrical systems.
IX. Show film on safet\; procedures to follew when working on electrical systems.
X. Take a field trip to a shop where electrical work is performed. .

. Xl.  Give test. '

INSTRUCTIONAL MATERIALS

I.  ‘Included in this t;nit:
A. Objective sheet
. B. Information sheet

C. Transparengy masters -
1. T™M 1’--Ty]pical Symbols in an Electrieal Circuit
‘2. ™ 2--Typic§| Symbols in an Electrical Circuit (Continued)
3. ™™ é--Typir:aI Symbols in an Electrical -Circuit (Continued)
4. TM 4--Typical Headlight Circuit .

D. Job sheets
1. Job Sheet #1--Check Vfoltage

2. Job Sheet #2--Check Continuity




E.
F.

Test

Answers 10 test

References

A.

Schulz Erich J. D/esef Mechanics. New York: Gregg Division, McGraw-Hill
Book Company, 1977.

Fundamenta/s of Servge;' Electrical Systerns. Fourth Edition. Moline,
IL: Deere and Company, 1979.

Dagel, John F. Dijesel Engine Repair. New York: John Wiley and Sons,
Inc., 1982.
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. 4 ELECTRICAL CIRCUITS |
\ UNIT I J
. |
- . INFORMATION SHEET |
. Terms angl definitions
S . ) L4 i
' ) (NOTE: Refer to Unit | for symbols.)
g y : :
A. Switch--A device that opens and closes a circuit
B. Fuse-A metal strip which melts, or blows out, if excessive current flows .
through it; rated in amps, it protects electrical devices from excessive current '
’I
C. Connector--A device that is connected to a cable to allow the cable to
be connected to a post or bolt
D. Cable--Stranded conductors, usually covered with insulating material
E. AC--Alternating current
F. Alternator (alternating current generator)--Voltage and current produced
. by a rotating magnetic field cutting across stationary conductors .
G. Generator (direct current)--Voltage and current produced by moving con-
ductors across a stationary magnetic field
H.  Ampere--A unit of electrical current ¢
.  Amperage--The amount of current flowing, in amperes
J.  Ammeters-A meter that measures the amount of current flowing in a circuit
K. Open cir{uit-—A circuit in which a wire is broken or disconnected
L. Short circuit--Wire touching another wire and providing a shorter path
for current to flow .
+ . . . . . . -
M. Grounded circuit-A" circuit in which a wire touches ground causing the
current to flow to ground instead of through the circuit
N. Circuit breaker-A device that opens an electrical circuit when limiting
conditions are reached
%
(NOTE: Cutout relays are sometimes called circuit breakers.)
» O. Condenser-An electrical energy absorbing device }
: (NETE: Capacitors are also called condensers.) . , .
- R ,
Conductor--Any device that provides a path for current flow
‘ Q. Current--A flow of electrons, measured in amperes
Q ' o
EMC v "i A

-
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AA.

BB.

DD.

T ypes of connectors

- A

_hines to show electrical circuits

INFOR?AATION SHEET .

Current Limit relay--A relay that opens i1ts contacts when the limiting current’
flows in a cirnuit . °

Current regulator-A regulating device that imits the charging rate

.

DC--Direct current

Diode-A P-N junction oranN-P junction that limits electrical flow to one
direction only . .

(NOTE: A diode rectifies current.)
Zener diode--A diode that limits reversed bias up to a predetermined value
Transistor--A semiconductor that can be used as an-amplifier or a trigger

{NOTE: A transistor consists of two diodes back to back that share a com-
mon base.)

Lead--A cable capable of carrying current

-

Integrated circuit (IC)--Sealed unit containing resistors, diodes, and transis-
tors .

(NOTE: IC's are not repairable; they must be replaced.)

H

Wiring diagram {schematic)--A drawing that uses electrical symbols and
Jumper wire--A wire usually with alligator clips that is used to provide
current or ground to an electrical device
»
Test light--A test instrument used to find current flow .
Continuity light--A self powered test light, used to.check for open circuits .

(CAUTION- Do not hook into live circuit.) . o (

Junction block--A multiple, connection point for current or ground which
can also be used as a test point _

]

Ring type (eyeiet) f{’:"/;i’@




INFORMATION SHEET,

B. Roll type //{ 2
C. Female snapon 5_‘_15@: .
P

D. Lugtype - ¢

F
E. Slotted-flange bay type - Z

F.  Insulated butt connector D

G. Slotted hook type

H. Three way connector

! 2

I.  Male slide connector gy
. (1=
| 34
J. Female slide connector [l 3=

1

K. Male plug connector {bullet connector) b vjm!
/

L. Female"blug connector (bullet connector) OEEE

Typical symbols in a circuit (Transparencies 1, 4and 3)
.

A. One pole, two position switch

B.  Switches that move together

C. Two contacts in the same connector

D: ES-59




60

INFORMATION SHEET

D. Brake warning indicator

Connector attached to component

nm

Relay shown with no current flowing through coil

Screw terminal connected to fusible link

T o o

Dashed wire reference

Wire choices for options or different models

J. Fuse with black plug in connector
K. Diode
L. Two pole, six position switch
M. Junction block connection ‘
N Entire component
O. Partotacomponent
P. Details of component ,
Q. Component grounded to ﬁame
R. Ground reference 4
S.  Solid state
T. .Connectcr reference
‘ U  Five cavity connector
V. Five cavity connector {four used)
W. "Parts of the same.connector‘
X.~ Connector on component lead

(NOTE: Lead 1s pronounced Leed.)
Y  Wire size labeled in square mm .

(NOTE: This also appears in AWG gauge.)
Z. Breakin wire symbol _ l

AA Color stripe designation

BB Wire size labeled in color

A
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-

‘ ' " INFORMATION SHEET

CC. Cutwire reference

DD. Circuit reference

V. Checking an electrical circuit from battery to ground (Transparency 4)
A. Locate junction block or fuse panel or breaker panel
B. Identify color coding on wirg from power source

C. Trace wire to component
&

D. Isolate problem

E. Repair as necessary

V. Troubleshooting an electrical system
|
A. Operate circuit to verify the complaint

B. Read the electrical diagram /
@

~

C. Find the cause®and repair it ' ‘

™ . . D. Check the repair

VI, Types of electrical test equipment

A. Test light

B. Voltmeter

C. Ammeter

D. Ohmmeter




7 One Pole, Conriector ..
-4| Two Position - .8 GRY] Attached To
Switch ~— Component. .
. Relay Shown
_f Switches That WlthyNO /
-y Move Together Current Flov%ng
Through Coul
Normally ‘2 {
8 YELI Closed X Normally
caay Contact Open
S A Contact
~ Two Contacts -
In The Same )
Connector’ Screw
, Terminal
Brake Connected
! To Fusible
Brake: - b= link
Warning =
Indicator N J/
éAT BAT2 Two Pole;
AcCY [ JSTART ___ ACCYe_ _ ¢ starT | Six Position’
Locxl w f  #BULBTEST Lock ™ #BLUB | Switch
OFF |RUN OFF |RUN
ACC IIGN.3
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.8 LT BLU (

Typlcal Symhols In An Electncal Clrcurt

Entire Component

Part- Of A Component -
¥
L

L1

{

_ Park Brake Switch

E Detasls Of Component

4! Closed 'W|th Parking
" Brake On

Component

‘Grounded To Frame

Ground Reference - \

"X | (Number For
o § Component .
] Location Chart) -

(Continued)
C Dashed Wire
X Reference
¥ .
m \
© — See Ground
/" ‘Distribution
2
' W|re Chouces
For Options
o . Or Different Models -
No Gauges %
z ] -
(i
o}
) Fuse With Black
Plug In Connector
Diode .,
(Current Can Flow
Only In The Direction
Of The Arrow)
8 YEL Juriction Block Conection !
= (@ C201B G103
.5 RED C201M " -
A—— .
' : Solid State ) ‘
C201D Solid {(Includes Only
- State | Electronic Parts)




® Typlcal Symbols In An Electrlcal Circuit
~ (Continued) .
' Connector Reference Wire Size Is Labeled
: 524 E (Number For 2 In Square (Millimeters)
o ,Female Component ‘EI )
10| Contact ‘| ocation Chart) "’.
~C103 .
2] gl ~ *
o ~\Male _ ) _ f) . If No Wire Size Is Labeled
9 Contact * Then Replace Wire °
. .- o : Wlth Matching Slze
.5 Cavity Connector RED . , 0
’ ) : M Break In -
~ Wire Sye[nbolk
SO " . RED/YEL- (ShownBy °
. o ' > Ay . 0 A
- . =5 Cavity Connector ¥ Wavy.Line)
. - D - ~ Color Strip Designation
(4 Used) o, - ¥
- Ce Fusible-Link ° ~
- R ~ 1RED s A
~ Pa rts,Of‘The ‘ « V|V|rc<;e |SlzeALabeied :
zd” %‘ Same Connector = Jneolor
> ' ; - / )
0] <L w0 g d l From. Choke . ;
") e - ° Heater Rela
| N Au"}rc > 5 10 e 3y Cu;t Wire
> <o v 1, Reference .
I.O - m ) TO ~ s ’ 4 - X
Generator g, . .,
5 Gnyl Connector On .. S :
. Component = . . .-
*. " ° 5 GRY|] Lead (Plgtall) . S I Circuit Reference

\‘ “- D'
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, ) ELECTRICAL CIRCUITS ‘ _ .
A ' UNIT I

- ¢ JOB SHEET #1--CHECK VOLTAGE

< o~

I ‘ Tools and materials
A. Battery
B. Voltmeter
< ~ C. Appropriate servit:e manual

Il. . Procedure . .

-~
(CAUTION: Remove -all jewelry before working on any electrical circuit and
follow all shop safety procedures.)

A. Connect negative lead from voltmeter to negative (-) battery terminal
B. Connect positive lead to positive terminal (+)
C. Read voltmeter scale and see if you have battery rated voltage

.’ D. Charge battery to its ratmg before performmg any other electrical tests if
you don't have normal battery voltage




ELECTRICAL CIRCUITS
UNIT 1l

JOB SHEET #2--CHECK CONTINUITY -

Tools and materials

A. Battery
'B. Ohmmeter

C. Appropriate service manual

v

Procedure
é

(CAUTION: Remove all jewelry before working on any electrical circuit and
follow all shop safety procedures.)

A’ Disconnect battery ground cable
- T
(CAUTION: Continuity light will be destroyed if this is not done.) =

B. Connect positive lead of the ohmmeter to hot lead q@e circuit

~

-
C. Connect negative lead to ground
N
D. If the bulb lights, or if the ohmmeter shows minor resistance, the circuit is )
_ okay
4
a» e .
(NOTE: Switches and grounds are checked in the same manner.) 4
\ .
- Ay
)}
'y
L]
LI Y N
rd
’ .
[ * ~
P
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ELECTRICAL CIRCUITS

UNIT 1l y
NAME
TEST . |
. 1. Match the terms on the right with their correct definitions.

a. A device that opens and close; a circuit 1. Conductor

b. A metal strip which melts, or blovs)s out, 2. Circuit breaker
if excessive current flows through it; rated in \

B amps, it protects electrical devices from
- excessive current 3. Amperage

c. A device that is,conxted to a cable to . 4. AC
allow the cable to be rLected to a post or 5. Connector
bolt - ’

d. Stranded conductors, usually covered with 6. Fuse .
insulating material . 7. Transistor

- »45 - - L]
' e. Alternating cuarrent 8. Zener diode
f. Voltage and current produced by a rotating 9. DC T .
. magnetic field cutting across stationary ’
. conductors 10. Diode
] g. Voltage and current produced by moving 11. Current
R conductors across a stationary magnetic ) requlator
field gu
: ‘ h. A unit of electrical current ° 12. ‘Setfg;ent-llmlt

i. The amount of current flowing, in amperes 13. Wiring diagram

i j. A meter that measures the amount of current .
flowing in a dircuit 14. Test light

k. Circuit in whigg a wire is broken or discon- 15. Jumper wire

nected " 16." Grounded circuit

|. Wire touching anotbér wire and providing
a shorter path for current to flow

; m. Circuit fn which. a wire touches ground
. causing the current to flow to ground instead
’ of through the circuit

,M .
. n. A device that opens an electrical circuit
when limiting conditions are reached ’
“ . 'y 0. An electrical energy absorbing device )
. ' p. Any device that provides a path for current . T
* flow

| v kg
| EMC . v '. . . ‘,

”
P

>




.
.

. A flow of electrons, measured in amperes 17. Continuity light |

A relay that opens its contacts when the 18. Junction block

limiting current flows in a circui
9 ent uit 19.  Current

A regulating device that limits the charging 20. Lead
rate -
21. Short circuit

Direct current ' o
22. Integrated”™

. . . . .. circuit
A P-N junction or an N-P junction that limits
electrical flow to one direction only 23. Switch |
A .diode that limits reversed bias up to a 24. Cable
predetermined valve

A}
. A semiconductor that can Be .used as an .
. . 26. Ammeter
amplifier or a trigger : .
r

- ’ ) '27. Condenggr,
x. A cable capabl& df carrying current

\
25. Generator

28. Ampere

¢ -~
»‘. Sealed unit containing resis@diodes, and
(_/. transistors 29. Alternalor

kA F o N
* . z. A drawing that uses electrical symbols and 30. Open circuit
\ liges to show elettrical circuits

aa.'A wire usually with alligator clips that is used
to provide current or groungd to an electrical
device i - .

bb.A test instrument sed to find cr?rent flow

cc. A self powered test light, used to check
for oper'x circuits

#d.A multiple connection point for currént
or ground which can also be used as a test
point i . -

.

2. Match the different types of connectors on the right with their correct names.

L

a. Three way connector

. i .
t%(oll type -

A 4

c. Female slide connector

ERI!

Aruitoxt provided by Eic:
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Female snap-on

e. Insulated butt-connector . B. @
___f." Slotted-flange bay type 6. % ‘
g. Lugtype ) 7. Q=8= -

_____h. Rjng type ] 8.
i. Male slide connector _ t 9.
__;_j. Male p|t{g connector ‘ T N QLO. /;/ , :\ '
. . ‘ ke Slotted hook type ‘ \' n. o ) .
P

l.  Female plug connector
4

r . .

. I

] 3. “Identify symbols used in a circuit. -




d.

. ’ . Yoo
Arrange in order the procedure for checking an electrical circuit from battery to
ground by placing the correct sequence number in the appropriate blank.

a. Locate junction block or fuse panel or breaker panel

b. Repair as necessary
c. Trace wire to component

d. Isolate problem

+

e. ldentify color coding on wire from power source

.

' A
Arrange in order theLprocedure for troubleshooting an electrical system by pldcing the
correct sequence number in the appropriate blank.

»

a. Find the cause and repair it
. b.- Check the repair .
./ c¢. Read the electrical diagram

d. Operate circuit to verify the complaint
AN

Complete the following list of types of electrical test equipment.

“

a,‘ Test light . N

.

b. . Ammeter

d..

74 Demonstrate the ability to:

a. Check v6|tage.

1

b. Check continuity. 5

{NOTE: If these activities have not been accomplished prior to the test, ask your °
instructor when they should be completed.)

" ’

kR
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aooTo

oo oTow

o
wdr—

o

oo oo

c.
d.

£
-

23 g.
6 h.
5 sl
24 j
4- k
29 !
9 e.
2 f.
5 g
3 h.

Switches that move together

25
28

26
21

— LM

o

ELECTRICAL CIRCUITS

UNIT I}
ANSWERS_TO-TEST
m. 16 s. 11
n. 2 t. 9
o. 27 u. 10
p. 1 v. 8
g 19 w. 7
r. 12 x. . 20
i. 10
. M 3
k. 8
i 12

Fuse with black plug in connector -

Diode

Five cavity connector

NS W

Ohmmeter
Voltmeter

d.
e.

4
2

.

’

Y.
Z.
aa.

bb.

cc

Performance skills evaluated to ’tge_sqtisfaction of the instructor

dd.

)

22
13
15

17
18

D: ES-79
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"

" ELECTRICAL INDICATOR CIRCUITS
UNIT

‘ UNIT OBJECTIVE

After completion of this unit, the student should be able to identify the types of gauges
used in testing electrical indicator circuits. The student should also be able to demonstrate
the abllity to test a fuel level gauge sending unit and check for a grounded circuit. This
knowledge will be evidenced by correctly performing the procedures outlined in the job
sheets and by scoring 85 percent on the unit test.

'SPECIFIC OBJECTIVES

After completion of thi_s unit, the student should be able to:

1.

2.

,-b. Check for a grounded circuit.

Match terms related to electrical indicator circuits with theit correct definitions.

*

Identify types of gauges.

. . » .. :
Complete a list of parts in a gauge circuit. ‘
Select Mrue statements concerning the testing procedures for an ammeter gauge.

-

Complete a list of procedures for testing a fuel level gauge that fails to
register. .

@3 . . .
Select true statements concerning the proc#dures for testing a temperature
gauge.
Complete a list of procedures for testing a voltmeter.

Demonstrate the ability to: ' "

a.  Test the fuel level gauge sending unit.

= ‘ n
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ELECTRICAL IND4CATOR CIRCUITS
UNIT 11

SUGGESTED ACTIVITIES

Provide student with objective sheet.

Provide student with information and job sheets.

Make transparencies.

Discuss unit and specific objectives. -

Discuss information sheet.

Demonstrate and discuss the procedures outlined in the job sheets.

Have students draw some elec#ical circuits.

Have students visit different industries and make a list of various types of gauges
used.

Invite a guest speaker from a shop that specializes in automotive electrical repair.

Give test.

-

Included in this unit: 1™,

A. ObjW
: Y

C.

’

D. , Job sheets

-

-

L

INSTRUCTIONAL MATERIALS

]

Information sheet

Transparency masters

1.
2.

B W

1. -Job She 1:-Test the Fuel Level Gauge Sending Unitw

TM 1--Instrument Voltage Regulator
TM 2-Types of Gauges
TM 3-Typical Gauge Circuit

TM 4-Electrical Oil Pressure Indicating Systems

-
v

2. Job Sheet #2--Chéck for a Grounde(ﬁiriuit

~ - i
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* -
e - E. Test .
1 N
F. Answers to test o
' It.  References: .
. A. “Stinson, Karl. Diesel Engineering Handbook. Stamford, CT 06904: Business
i Journals, Inc., 1972.
\ B. Fundamentals of Service: Electrical Systems. Fourth Edition. Moline, IL: | ",
Deere and Company,” 1979.
b. Dagel, John F. Diesel Enginé Repair. New York: John \(\Qey and Sons,
Inc.,"1982.
. A
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_ o ELECTRICAL 1NDICATOR: CIRCUITS ”
. ’ - T UNIT HI :
. ~ -~ INFORMATION SHEET , \
. Terms and definitions v . I
A. Conciuctor--Path through which current flows ' 2/

B. Gauge--An instrument with a graduated scale

(NOTE: An alternate spelling for gauge Jis gage The spelling ‘gage is used
- more commonly in service manuals.)

. i C. Open--A place, -or places in a‘ conductor that are disconnected or broken
D. Short--Where a current carrymg conductor contacts another current carrying
) o0 conductor )
E Groung--Where a current carrying conductor touches the frame .
. - F. Ammeter gauge--i\}leasures current flow - , < T
) G. Obhmmeter--Measures resistance to current flow, ;
; g . (CAUTION: Do not check a live current with an ohmmeter/)
. ‘ H. Voltmeter--Gauge that measures voltage or pressyre ’
I.  Indicator light--A light in the dash that indicates a problem in the system
) \ ) J.  Current--The amount of amperageﬂ'oltzving& ina cirtgjt
P K. Voltage;-The amount of potential-pressure /

-
Aruitoxt provided by Eic:

'
- . .

‘- ‘ ‘
L. Ohm--The amount of-Tesistance in a circuit -

‘M. Balancing coil--Two or more ‘coils of wire that plii the indicator needle

N. Ingtrument voltage regulator-Regulates voltage from the battery and char-
ging system to a constant volt output to the |nd|cat|ng deyices (Transparency
1)

»
3 , N .
)

O,- Thermocouple--A wire consisting of two different types of metals welded
-~ together that when heated produge a small current .flow ,

P. Pyrometer--A sensitive voltmeter that measures exhaust temperature
. Types of gauges (Transparency 2) : /

A. _Loop type ’ . \

g \f~ B. Moving vane type . -

C. Balancingcoil ' | .

. “r-

{

*




Aruitoxt provided by Eic:

V.

INFORMATION SHEET

@

Parts in a gauge circuit (Transparency 3)

.

A. Ammeter gauge - S
B. Fuel |e{v'e| gauge
Temperature gauge
- Oil‘p‘ressure gauge (Transparency 4)
* Voltmeter - ‘
Pyrometer l
(NOTE: The pyrometer is used on most turbochérged engines.)
.Sending units _ I
Resnstanc units -
W{nr’mg t_&;\onnects the units
Instrument voltage'regulator . \/

3
- 4

- (NOTE: The instrumént voltage regulator is not- used on all applicatibns.?
K. Warning light
Testing procedures for an ammeter gauge

. ’ ]

A, If the amfneter gauge faiIs to register, use the following testing procedures:

]

1. Turn all raccessories off and start the engine; the ammeter should
indicate a charge

.y R H

i . .

(QQTE If it does not charge enthert.the an"ﬁ‘neter or' the charglng
system is at fault.) [

>

To check the ammeter, stop the engine and turn ‘on the headlnghts

the ammeter should show a dnscharge |f it does not show a dnscharge

replace the ammeter ) . . L .
%

If the ammeter reads in reverse--The wires are crossed on the back conneg-

thﬂS disconnect them, reversethem ancf reconeect them

.

%
’

(CAUTION Do ﬂyovertnghten the conhect:on as thns wnll dustort the am-
meter mechanism .

0y
-

~ L4

Procedures for testing a fuel level gatige that fails to regiister

A. Check all wire connections en‘d wires for opeps.

B




/o —_

—~—

.‘ ' " INFORMATION SHEET
N \

B. Use a sending unit that you know is good or short out the original sendmg
unit

' (CAUT!ION: When performing this ‘test, turn the ignition switch off when
the pointer reaches half way on’ the gauge. This will prevent damage to
the gauge.)

C. Use an chmmeter with the following procedures:

1. Remove the sending unit from the tank
L

2. Connect an ohmmeter to the threaded connection and'housing; with
the float in the empty positioa you should not have a reading -
5
(NOTE: On some vehicles, it is reverse to this.) .
— 3. Now move the “float arm to the full position and note the reading

]

\
(NOTE: You will not have a reading on some vehicles when full posi-
tion isup. Refer to the manufacturer s specifications to find sendnng

unit values.) .
Vi Procedures for testing a temperature gauge
A If temperature gauge falls to register, use the fol|owmg testmg procedures:
. 1. Check aI| wire connections and wires for opens or shorts
2. Ground the unit and the pointer should start to move; if not, replace
the unit
- 3. If pointer moves, sending unit 1s at fault :
! - B. If the temperature gauge registers hot at all times--Grounded wire or unit is
at fault
VII, Procedures for testing a volt'meter

L

A. If the voltmeter fails to register voltage--lndicates an open in either the
wiring pr the gauge . j , . ‘

B. If the voltmeter registers in reverse or shows lower than normal system
vbltage, use the following testing procedures:

1.. Check for g‘unded system

s il (NOTE: To check for grounds, place a test light in series with the
negative side of the battery; if the light lights with the ignition switch
and afl accessories are off, you have a g’r,ou‘nd.)

f

2 Check battery connections for reversed polarity

/.

£
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ypes of Gauges

™ Rheostat

<‘>
[
& )

’ \?/‘
’ Pointer and Magnet [[]
Receiving Unit 4&"

-

/Cj"/ / .
e Sending Unit

Balancing Coil Gauge

Float

=

‘:il],'
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Typipél Gauge Circuit

: Fuel Level Temperature
_To Alternator Gauge Gauge

Oil Pressure
Gauge

. Amineter Gauge

Radio Noise
Suppression
Choke

Ignition
Switch . -
v To Starter

and Voltage

Regulator




Electrical Oil Pressure Indicating' Systems

Electro/magnetic Coil System for Indicating Oil Pressure

Pressure (psi) Resistor Terminal
, Ignition "
‘ Switch Wiper
‘ 1 Lever - 2
: . . Battery = - Spring Diaphragm
_ _l. Indicating Gauge ' | : \
) Oil Pressure Here < Sendmg Unit
Sending Unit ~ ~  Indicating Gauge
- Indicator Lg t Bulb .
Ignition Contact
gwnch ALm Contacts
nsulated

Contact
rounded
Contact

Flexible
Dnaphragm

Low. Pressure

7

,}wnh

SW|tch

Operation with Low Oil Pressure‘_'

' 2 Heating Coll Syétem for Indicating Oil Pressure

100

T

-—— Diaphragm
v
Oil Pressure

'

Sending Unit (Pressure Switch) _

Pressure Switch System for Indicating Oil Pressure

Vi

104
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ELECTRICAL INDICATOR GIRCUITS
UNIT 11

JOB SHEET #1;TEST THE. FUEL LEVEL GAUGE SENDING UNIT

Tools and materials
A. Vehicle

B. Ohmmeter

C. Test Ii‘ght

D. Basic hand tool set

E. C‘|ean shop towels

F. Manufacturer's specifications
G. Appropriate service manual

Procedure

. Y
(CAUTION: Remov%jjewelry before warkigg on any electrical circuit and
follow all shop safety procedures.) “

A. - Check all wir\ing'connections for’opens or grounds {

.

B. Remove the hold down bolts from the sending unit and remove the sendii .y
unit

C. Connect the ohmmeter to the threaded connector on the sending unit and
to the housing (Figure 1) .

FIGURE 1
Ohmmeter Threaded Cgmnector

Gty
9 9

N

Float Arm




JOB SHEET #1

Check the ohmmeter; it should not. have a reading with the float arm in’
the empty position .

-

N v .
Leave the ohmmeter connected and raise the float arm to the full position;
you should now have a measured reading comparable to manufacturer's *
specifications
(NOTE: Fuel level sending units are nqt repairable; redlase if not within
specifications.) .




Tools and materials ' L. ' |

B.
*C. Battery post clwig}?/\ .
D. Voltmeter . ’

. ELECTRICAL INDICATOR CIRCUITS
UNIT 1T

s

- s
-JOB SHEET #2--CHECK FOR A GROUNDED CtRCUIT

-~

’ —

A. Vehicle Co - : . |

Basic'hand tool set . ) . "
~

4 v

E. Battery cable pulle'r

F. Appropriate service manual

*

Procedure
. - -

(CAUTION: Remove all jewelry prior to-working on any electrical circuit and
follow all shop safety procedures.)

A. Turn off ignition switch

B. Disconnect clock if so equipped . :
T . : A
C. Remove negative battery cable (Figure 1) P
: - ¢ . - .

FIGURE 1

Pry Clamp Open

¢

D. Disconnect vehicle voltméter if there is-one present

N/




G.

JOB SHEET #2

Place voltmeter on highest scale; if you do not get a reading, adjust to lower
scale

r

Conn%zt voltmeter in series with the batfery and battery negative cable
(Figufd 2) : ' N

FIGURE 2’
Voltmeter_

,W \ . .
F K Battery ‘

To Alternator -

’ To Engine
RS

If voltmeter reads any voltage, pull fuse circuit§ until there is.no read@g;
. thatcircuit will be the one that is grounded

S
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’

. ELECTRICAL INDICATOR CIRCUfTS
: ) UNIT 11
NAME
\
TEST
» ' . 1. Match the'terms on the right with their correct definitions.

a. Path through which clrrent flows

b. Instrument with a graduated scale

c. A place, or places, in a conductor that are
disconnected or broken
4
d. Where a current carrying conductor contacts
another current carrying conductor

e. Where a current carrying conductor touches
the frame

f. Measures.current flow

. g. Measures resistance to ctur'rent flow

, 'S
. h. lGauge that meastfes voltage or pressure

e
i. A light in the dash that indicates a problem
in the system

. Pl
j. The amount of amperage flowing in"a circuit
£ k. The amount of potential pressure
. 1. The amount of resistance in a circuit

\

m. Two or more coils of wire that pull the
indicator needle

n. .Regulates voltage from the battery, and
charging system to a constant volt output
. to the indicating devices

6. A wire consisting of two different types

" of metals welded together that when heated
produce a small current flow

temperature

-
.

. p. A sensitive voltmeter that measures exhaust

10.
1.
12.
13.
14.
15.
16.

LN

© © N o o

Indicator light
Voltage
Voltmeter

Instrument
voltage regulator

Pyrometer
Ground

Gauge
Conductor
Short .

Open
Ohmmeter
Ammeter gauge
Thermocouple
Balancing coil
Current

Ohm
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2. Identify types of gauges by writing the correct answer in the blanks.

&—L Rheostat

’B’
“ Pointer and Magnet
Recewving Unit

Send;g Unit
Float /kj ' '
a. b.

Pointer

“~ - i

3. Complete the following list of parts in a gauge circuit.

a. Amrheter gauge |,

b. N - .
¢. Temperature gauge : «

d. OQil pressu.re gauge - (

e. |

f.  Pyrometer

g- Sending units

.

h.
i.  Wiring that conpects the units ‘ ¢
j Instrument voltage regulator
- k. Warning light { & .
iy
/ -




,

.

. A ‘
. 4. Select true statements concerning the testing procedures for an ammeter gauge by
placing an "X" in the appropriate blanks. .

’

» (NOTE: A statement is true only if all pérts of the statement are true.)

a. If the ammeter gauge fails to register, use the following testing procedures:

* . Turn all accessories on and 'start the engine; the ammeter should indi-

cate g charge .

2. To check the ammeter, stop the engine and turn.ort the headlights;
the ammeter should show aAlischarge

. Ca
i 3. Ifitdoes notshow a dischan%e, replace the ammeter _

b. If the ammeter reads in reverse--The wires are crossed on the back connec-
tions; disconnect them, reverse them, and: ‘reconnect them

'

'5. Complete the following list of procedures for testing a fuel level gauge.

. a. Check all wire - and wires for opens

b. Use a sending unit that you know is good or short out the original sending unit

. ' ¢c. Use an ohmmeter with the following procedures: .
. . - e I
1. Remove the sending unit from the {
/ 2. Connect an ohmmeter to the threaded corgnectior\and housing; with
the float in the empty position youshould not have a reading

* 3. Now move the float arm to the full position and note the reading

@

6. Select true statements concerning the procedures for testing a temperature gauge
by placing an " X" in the appropriate blanks.

[

(NOTE: A statement is true only if all parts of the statement are true.)

a. If temperature gauge fails to register, use the follbwing testing procedures:

1.
2.

’ 3.

Check all wire connections and wires for opens or shorts

Ground_the unit and the pointer should start to move; if not, replace

the uni{ .
. (3]

If pointer moves, sending unit is at fault

b. If the temperature gauge registers hot at all times--Grounded wire or umt is

ERIC

at fault '3

.

1ij




ERIC

Aruitoxt provided by Eic:

7. Complete the foljowing list 6f progédures for testing a voltmeter.

a. If the voltmeter fails to register ¥oltage--Indicates an open in either the wiring or
the gauge

b. If the voltmeter registers in reverse or shows lower than normal system voltage,
use the following testing procedures:

1. Check for grounded system

2. . -

8. Demonstrate the ability to:
a.  Test the fuel level gauge sending unit,

b. Check for a grounded cirguit. .
(NOTE: If these activities have not been accomplished prior to the test, ask your
instructor when they should be completed.)

€,




ELECTRICAL INDICATOR CIRCUITS
UNIT 1

" ANSWERS TO TEST

a. 8 i 1
b. 7 ji. 15 (
c. 10 k. 2
d 9 . 16
- e B m 14
f. 12 n. 4.
g W o. 13
h. 3 p. b
a. Balancing coil
b. Loop type
c. Moving vane type . .
b. Fuel level gauge
‘c. Voltmeter
h. © Resistance units
b
. . Connections " : ,
¢. Tank
a,b

b. Check battery connections for reversed polarity
AN

Performance skills evaluated to the satisfaction of the instructo;
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STORAGE BATTERIES
UNIT IV .

UNIT OBJECTIVE  ° e

After completion of this unit, the student should be able ‘o list the functions of a battery
and discuss the process by which it converts chemical energy into electrical energy. The
student should also be able to select safety rules, explain the term "battery rating", and
demonstrate the ability to service and load test a battery. This knowledge will be evidenced
by correctly performing the procedures outlined in the job sheets and by scoring 856 percent
on the unit test. " ’

SPECIFIC OBJECTIVES

After completion of this unit, the student shoukd be able to:

' 1. Match terms related to storage batteries with their correct definitions.

. \
2. List three functions of a battery.

A

" 3. Match the parts of a battery with their purposes.

4. Select true statements concerning the process by which a battery converts chemi-
cal energy into electrical energy during the dischargingsand charging cycle.

"
5. Complete a list of statements concerning battery rating.

4+

6. Select safety rules to be observed during the/care and maintenance of batteries.

7. Name three characteristics of "service free" batteries.
8. Demonstrate the ability to: "
0 ~ . *
a. Clean and service a battery,
b. Remove and replace a battery.
é@ 0 - .
c.  Measure specific gravity of a battery 's electrolyte with a hydrometer.

d. Load test a battery,

e. Charge test a battery for three minutes.

£
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S )
STORAGE BATTERIES
UNIT IV

SUGGESTED-ACTIVITIES

3

Provide student with objective sheet.

Provide st.udent with information and job sheets. +

Make transparencies. ) ' o
Discuss unit and specific objectives.

Discuss informat‘ion sheet. - -
Demonstrate aqd discuss the procédurés outlined in thee jot; szhts. %

Demonstrat® the use of a battery charger.

/7

Give test. ) . ’ .
A

INSTRUCTIONAL MATERIALS

" Included in this unit:

A. Objective sheet
B. ‘Information sheet .
C. Transparency masters

1. TM 1.-Storage Battery Const.ruction'
TM 2--Battery Plate Groups
TM 3:-Vent Caps

B LN

TM 4--Current and Electrolyte
D. Job sheets
1. Job Sheet #1--Clean and‘Service a Battery
2. Job gheet #2--Remove and Replace a Battery

3. Job Sheet #3--Measure Specific Gravity of a Battery's Electrolyte
with a Hydrometer

4. Job Sheet #4--Load Test a Battery (
J .
5. Job Sheet #5--Charge Test a Battery for Three Minutes

.




Test

Answers to test

a

References:
]

A. Fundamenta/§ of Service: Electrical Systems. Fourth Edition. Moline, IL:
Deere and Company, 1979, . . P

Billiet, Walter E., and Goings, nglie F. Automotive Electrical Systems.
echnical Society, 1970. R 4

Third Edition. Chicago: American

Crouse, William H. Automotive Mechanics. New York: "Webster Division/
McGraw-Hill Book Company, 1975. ;

Ragel, John F. Diesel Engine Repair. New York: John Wiley and Sons,
Inc., 1982, .
Foutes, William A. Diese/ éngine Mechanics. Stillwater, OK: Mid-America
Vocational Curriculum Consortium, 1977. :
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. ' . : STORAGE BATTERIES
‘ UNIT IV

o

INFORMATION SHEET
r D |
I. Terms and definitions i

.

¢ . .
A. Battery--Two or more connected cells which convert chemical energy into

o

. electrical energy (Transparency 1)

B. Cell--One positive plate 'group and one negative plate group (Transpa'rency
2) '
- v » ¢ '\
(NOTE: The positive plate contains lead peroxide/and the negative plate
contains spongy lead.)

-

C. Plate group--Similar plates welded to a plate strap (Transparency 2)
‘ [}

(NOTE: Plate goubs are interlaced, with positive and negative plates
alternating, but separited to allow free flpw of electrolyte.)

>

-

. D. Electrolyte--Solution of water and sulfuric acid N

E. Specific gravity-Weight of lijéid compared to an equal volume of water
at 60°F ) ) x

(NOTE: Water has a specific gravity of 1.0.)

F. Hydrometer-Glass barrel syringe containing a calibrated. float used to
measure specific gravity }

G. Sulfated--Oxidation of positive plate grid wires and formation of lead sulfate
crystals which become dense and hard i

(NOTE: A sulfated condition is caused by long storz;ge.without recharging.
A slow charge may or may not restore the battery.)

H. Dissimilar metals--Metals not alike in substance or essentials
. Functions of the battery - :

A. Supplies current for cranking the engine

B. Supplies current when the demand exceeds ghe output of the charging
system . .

B

. C. Stabilizes the voltage in the system during .operation _

p
%




INFORMATION SHEET

I, Purpose of battery' parts -

A. Plates-Store active material which hrings about the chemical reaction to
provide electricity ¢ .

kN . .

B. Separators--Insulate the negative plates from the positive plates

C. Terminal posts--Connect to conductors for current fiow

{NOTE. The positive post is larger than the negative post.)

D. Battery case--Holds the cells and electrolyte to make up the compieted
battery

E. Vent caps--Close the opening in each cell cover and provide a vent 1o allow
gases to escape (Transparency 3)

.
# F. " Cell connector--Connects cells In series *

(NOTE: Six-volt batteries have three cziis and twelve-voit batieries have
six cells connected in series.)

G. Post plate strap-Connects plate groubs te terminal posts

“

IV. Converyng chemical energy nto electrical energy during the discharg.ng and
charging cycle {Transparercy 4)

3

A. Discharging cycle

1. - Electrical energy is produced by chemical reaction between the
active materials of the dissimilar plates and the sulfuric acid of

the eiectrolyte
I'd

~

2. Lead sulfate i1s formed at both plétes as the battery s discharged,
while the sulfuric acid in the electrolyte is replaced by water

v

B. Charging cycle .

1. After the battery is discharged, it must be recharged By a suitable
flow of direct current from an external source

2. The specific gravity of the electrolyte increases, sulfuric acid is
formed, and water s used up ‘
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- s

- . ‘ ~ INFORMATION SHEET . -

2 . »
. } V. Battery rating ! .

.

A Capacity rated according to auantity, of e|ectric}ty that can be taken from

a"fully charged battery over a definite period of time

Example: Béttery rated at 100 amp-hour should deliver 5 amps
- continuously for 20 hours

. B. Individual cell amperage depends on total plate area, specific gravity, and
temperature of electrolyte

(NOTE: Battery efficiency drops from 100% at 80°F to 40% at O°F.) -

VI. Safety rules oy

A.  Wear safety ‘glasses, rubber gloves, and rubber apron when servicing batteries
e ’ » L}

N B. Electrolyte must not be allowed to come in contact with clothing, skin,
/> eyes, or painted surftace ’
' C. Flush immediately,with water any area of skin thigh acid has contacted

D. Flames or sparks can cause gases given ,off by batfgry to explode

~ . {NOTE: Gases given off are hydrogen and oxygen.)

E. Avoid shorting or grounding battery terminals during service . .
F. Avoid breathing fumes. from a battery. that is being charged

G. Leave charger in the "off" position when connecting and disconnecting

. batteries
\- . . L1 . [1) .
VI1l. Characteristics of "service free® batteries
A. Case sealed with lifetime supply of electrolyte \
B. Special liquid-gas separator returns any liquid to reservoir .

C. Water loss eliminated through the use of special plates



' .

-~ Storage. Battery Co‘nst.ructh g

Positive Post
)

&

Terminal Post

Plate Strap
Casting

Negative
Plate Group

Cell

Separator )X

Positive / ) ‘Battery Case
Plate Group S'ediment Chamber '

121
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Separator
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Element or Cell
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‘ | Vent Caps |

Water Seal /Vent Plug

- Vent Plug :
Removed and Cell Fllled

Z( to Proper Level

Valve Seat.

,/"
j;%///l M,{/ﬂ”mm%//mmm EIEC tl'O e
-~ . hrt‘
5
Top of Plates
?
|
i
|
7

Electrolyte

R 126 S
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Electrolyte
(Sulfuric Acid)
_H2804

\ “
.
- &
<
7

Positive Plate
Lead: Peroxide

- Current and Electrolyte

o

V4
"B CURRENT FLOW: '
- Produced by Dissimilar Plates | *
. in Electrolyte Solution .
| o
PN > 4
¢ - e ? ’ -
S : \ - ¢’ &
> 4
\ . + ‘ &

L

How a BatterY-Conver'ts Chemical Energy. into Electrical Energy

Negative Plate
— Sponge Lead

127

-9
m
(/)
—
N
-t i




D: ES-123

-~ : \

‘ STORAGE BATTERIES
UNIT IV
- JOB SHEE:F #1-CLEAN AND SERVICE ABATTERY ,

I Tools and materials
A. Battery
B. Safety glasses
C. Rubber gloves
D. Rubber apron
E. Bristle brush
F.  Wire brush ‘ / ’
G. Screwdriver

H. Béttery clamp puller

) b
. . Combination end wrenc_hes .
. ' J. Battery pliers | ‘ ) o
K. Baking soda and.water solution (two tablespoons of baking soda to one )
pint of water) - . y
. L. Battery anti-corrosion paste '
. <
M. Shop towels L

. . ' “
N. Appropriate service manual :

1. Procedure S

(CAUTION: Remove all jewelry prior to working on any electrical system and
follow all shop safety procedures.)

1
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JOB SHEET #1

A. Disconnect battery cables from the battery posts (Figure 1)

(NOTE: Always disconnect the grounded battery cable first to avoid short
circuits.)

FIGURE 1

Pull Cable Off

B. Clean battery cable clamps and battery post (Figure 2)

(NOTE: Battery posts and inside of battery cabletlamps must be clean and
bright.)

‘ k 4
FIGURE 2

o
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JOB SHEET #1 ;

S .
C. Remove loose dirt and corrosion particles from top of battery (Figure 3)

FIGURE 3

D. Brush soda water solution on battery, battery post, clamps, and battery
hold-down (Figure 4) ’

(NOTE: Keep water and soda from entering the battery through the vent
holes in the vent caps.)

FIGURE 4

>




JOB SHEET #1 ’ .

E. Wash away residue with clean water (Figure 5)

(NOTE: Remove all residue that may have lodgédlaround battery, frame,
or parts of the vehicle.)

- FIGURE 5

»

F. Dry the battery and battery cables with a clean cloth * .

p
G. Reconnect battery cables to the battery posts (Figure 6

(CAUTION: Always reconnect the poWér cable fi?«m% ground cable
last.)

Battery Posts Slightly Above Clamps
FIGURE 6 A Y gL v.e me

“H. Spread a coating of battery'anti-corrosion paste over the cable clamps and
tetminals .

I.. Remove vent caps and check electrolyte level in all cells

J. Add water if necessary to bring e|ectro|§/te up to proper level

(NOTE: Do not overfill.) : .

3
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. STORAGE BATTERIES
. UNITIV

JOB SHEET #2-REMOVE AND REPLACE A BATTERY

I.  Tools and materials <
A. Vehicle

B. Safety glasses’

C. Rubber gloves
D. Rubber apron
» E. Wire brush
F. Screwdriver ' - ) f
G. Battery clamp puller AN

". H. Combination end wrenches
‘ . Batery ;;|ier.s
) J.  Battery cable spreader
K. Battery post and cable cleaner
L. Battery lift strap
M. ' Appropriate service manual
1. Procedure

-

(CAUTION: Remove all jewelry prior to working on any electrical system and
. follow all shop safety procedures.)

(NOTE: Observe the location of the positive post so the battery can be installed
in the same way.)




128

!

JOB SHEET #2'

Disconnect the battery.cables from the battery posts (Figure 1)

(NOTE: Always disconnect the grol nded battery cable first to avoid short

circuits. Use care to avoid twisting the battery cable post.)

FIGURE 1

Pry Clamp Open

. B. Remove the battery hold-down
C. Remove the battery from the carrier
(NOTE: Use a suitable battery lift strap to lift the battery.)

Inspect the battery carrier for dirt or corrosion

g

(NOTE: Clean with baking soda and water as required.)

“ 4
Check battery cables for worn or frayed insulation
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. . . JOB SHEET #2
F. Clean the inside of battery cables (Figure 2}
(NOTE: Inside of battery cables nust be clean and bright'.) /
: |
FIGURE 2 - , s
. . o - e
»
. G. Set the battery into place using a lift strap
(NOTE: Position the battery to allow for correct battery cable attachr...nt.)
H. Install the battery hold-down clamp or strap and tighten securely
I.  Reconnect battery cables to the battery posts (Figure 3)
(NOTE: Always reconnect the power cable first and the ground cable
. last. Replace clamp bolts and nuts as needed.) i ‘
FIGURE 3 Battery Post Slightly Above Clamps
/
‘ i
J.  Tighten the battery cable clamps securely ' ol
{(NOTE: Use care to avoid twisting the battery cable post.) *
I . .
K. Spread a coating of battery anti-corrosion paste over the cable clamps and
. terminals . B
\)‘ 1 rz - ‘
B ) P ¢ b
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. STORAGE BATTERIES - |
. UNIT IV - |

JOB SHEET #3-MEASURE SPECIFIC GRAVITY OF A BATTERY'S
' ELECTROLYTE WITH A HYDROMETER "y

A
I Tools and materials 1
A. ?attery ) : - ]
B. Hydrometer . ’ . ",
C. S|:10p towels ! ‘ A
\ D. Containér of clearr water 4
E. Safety glasses
F. Rubber gloves
G. Rubber apron ‘ -
H. Appropriate service manual | /
. . Procedure !
. 4 (CAUTION: Follow all shop safety procedures.) .

A. Remove vent céps from battery
B. Insert the hydrometer into the first cell

C. Squeeze the rubber bulb to draw electrolyte into the hydromete'r to suspend
the float g .

(NOTE: If the electrolyte level is too low, add water, charge for one hour,
and recheck.) : ,




' " JOBSHEET #3

- \
2 ~ D. Take reading at eye}|eve| (Figure 1) - _ 3
(NOTE: Make sure the float is hot bumping the.top of the hydrometer
tube or sticking to the side of the tube; write down reading for each cpﬁ.)
« i
~ : FIGURE 1
\‘ N ~ % _
Hold Tube Vertical
Do Not Suck In Too
Much Electrolyte -
. -t
/
R Y
Float Must be Free.
- ' T e
, ' N
_ Take Reading
at Eye Level
! )
//
- Q. . !
) -
. E. Squeeze bulb to return electrolyte to cell
F. Repeat for%mer cells <
. Iy A 4 .
; :
| PR
;. , 1‘-))()
‘) s =~
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JOB SHEET #3

Adjust the readings for temperature

1. Add four gravity points (0.004) to the reading for every 10°F above
80°. Subtract four gravity points (0.004) for each 10° below 80°F

(Figure 2)

Gravity Points’
FIGURE 2 Tomesnatste o Add or
) Subtract
160 ;

TEMPERATURE
ADJUSTMENT CHART

.

Check specific gravity; it should read from 1:215 to 1.270 (corrected
for 80°F electrolyte temperature) ‘

Check the variation in readiw between cells; it should be no more
than 0.050.

Charge and retest the t\att'ery if the readings are not within the above
mentioned range

H. Replace vent caps upon completion of test

I.  Flush any spilled electrolyte with clean water
, -
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STORAGE BATTERIES
UNIT IV

)

JOB SHEET #4--LOAD TEST A BATTERY

Tools and materials

A. Battery

B. Battery capacity tester e
. C. Appropriate conductors ’

D. Safety glasses

E. Rubber g|q.ves

F. Rubber apron

G. Appropriate service manual

Procedure

_
(CAUTION: Remove all jewelry prior to working on any electrical system and
follow all shop safety procedures.)

A.

£

Connect tester (Figure.1)

FIGURE 1

LI

BATTERY CAPACITY TEST - 12 VOLT BATTERY

Tighten rheostat knob to apply a load to battery

Apply load equal to three times the ampere-Hbur rating of battery being

tested
%

(NOTE: Ampere-hour rdting should be marked on the outside of battery
case.)

135
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) | o
JOB SHEET #4 +

El

|
D. Read baﬁew voltage at the end of 15 seconds I

(NOTE: If voltage drops below 1.5 volts per cell in 15 seconds, use the
3-minute charge test.) :

E. Loosen rheostatto relieve load at end of 15 seconds

F. Disconnect tester
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STORAGE BATTERIE
UNIT IV -

JOB SHEET #5-CHARGE TEST ABATTERY FOR THREE MINUTES

I Tools and materials
A. Battery

B. Adjustable, fast rate battery charger

C. Battery capacity tester e
D. Appropriate conductors .
E. Safety glasses -
F.  Rubber g|ovesh
G. Rubber apron
S Sa.

H. Appropriate service manual

Y
4
.,

A

I, Procedure ,

(CAUTION: Remove all jewelry prior to working on any electrical system and
K follow all shop safety procedures.)

A. Connect tester and charger (Figure 1) .

FIGURE 1

)

\ BATTERY CHARGE TEST - 12 VOLT BATTERY

B. Turn charger on and adjust the charging rate to 40 amps

~
C. Charge battery for 3 minutes

Lty
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JOB SHEET #5
o
Read individual cell voltages with battery charger still in operation

(NOTE: 1f they vary by more than 0.1 volt (1.10v), replace the battery.)

Read total battery voltage

(NOTE: {f it is over 15.5v (15 1/2 volts), the battery is unsatisfactory and
must be given a long slow charge and load tested again. If voltage under load
test is less than 9v, replace t_>attery.) !
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STORAGE BATTERIES '
UNIT IV o

. * NAME

‘ TEST ’ : ’

1. Match the terms on the right with their correct definitions.
1 ]

a. “-Two or more connected cells which convert 1. Electrolyte

chemical energy into electrical energy -
* 2. Hydrometer

»

b. One positive plate group and one negative

plate group . Specific
gravity

c. Similar plates welded to a plate strap

. 4, Dissimilar
t d. Solution of water and sulfuric acid metals

e. Weiéht of liquid compared to an equal volumé 5. Battery

, of water at 60°F
) 6. Plate group

f. Glass barrel syringe containing a calibrated
float used to measure specific gravity 7. Sulfated

. g. Metals {not alike in substance or essentials 8. Cell

h. Oxidation of positive platé grid wires and
formation of lead sulfate crystals which
become dense and hard

2. List three functions of a battery.




b. Charging cycle

5. Complete the following list of statements concerning battery rating.

a.

b.

-

.

Match the parts of a battery on the.right with their purp'oses.

a. Store active material which brings about the 1. Terminal posts

chemical reaction to provide electricity
2. Battery case

b. Insulate the negafive plates from the positive

—_— 3. Plates

plates

4, Separators
c. Connect to conductors for current flow

‘ - 5. Cell connector
d. Holds the cells and electrolyte to make

up the completed battery 6. Vent caps
‘e. Close the opening in each cell cover and 7. Post plate
» provide a vent to gllow gases to escape strap

f. Connects cglls in series

g. Connects plate groups to terminal posts

. 4. Select true statements concerning the process 5y which a battery converts chemical
energy into electrical energy during the discharging and charging cycle by placing an
"X" in the appropriate blanks.

»

(NOTE: A statement is true only if all parts of a statement are true.)

a. Discharging cycle

1) Electrical energy is produced by chemical reaction between thesactiveb
materials of the dissimilar plates and the sulfuric acid of the electrolyte
N )
. 2) Lead sulfate is formed at both plates as the battery if discharged,
while the sulfuric acid in the electrolyte is replaced by water

1) After the battery is discharged, it must be recharged by a suitable
' flow of direct cyrrent from an internal source

2) The specific gravity of the electrolyte increases, water is formed,
and sulfuric acid is used up '

’

Capacity rated according to quantity of electricity that can be taken from a
fully charged battery over a definite period of time

Individual cell amperage depends on

14,
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»

Select safety rules to be observed during the care and maintenance of batteries by
placing an " X" in the appropriate blanks.
»

a. Electrolyte must not be allowed to come in contact with clothing, skin, eyes,
or painted surfaces ’ .

b. Flames or sparks can cause gases given off by battery to explode _

-

c. Wear safety glasses, rubber gloves, and rubber apron when servicing batteries
1

d. Leave charger in the "on" position when connecting and disconnecting
batteries .

e. Flush immediately with water any area of skin which acid has contacted

f. Avoid breathing fumes from a battery that is being charged

B3
”

Name three characteristics of "service free" batteries. =~

a.

b. £

°C. i .
kr . ’ T ’ ) ¢

Demonstrate the.ability to: ’

a. Clean and'service a battery.

b. Remove and replace a battery. /j

-

c.  Measure specific gravity of a battery's electrolyte with a hydrometer. .

!
d. Load test a battery.

e.  Charge test a battery for three mjnutes.

(NOTE: If these activities have not been accomphshed prior to the test, ask your
instructor when they should be completed.)

.

’
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b.

. a.
b.

C.

. STORAGE BATTERIES
UNIT IV

ANSWERS TO TEST

— Moo,
~NBeENNW

Se o

Supplies current for cranking thé engine

Supplies current when the demand exceeds the output of the charging
system

Stabilizes the voltage in the system during operation

e. 6
f. 6
7

N =W

Total plate area, specific gravity, and témperature of electrolyte.

. a,bcef

& -

Case sealed with lifetime supply of electrolyte

- Special liquid-gas separator returns any liquid to reservoir

L4 4
Water loss eliminated through the use of special plates

Performance skills evaluated tQ the satisfaction of the instructor

-®
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UNIT V

. - STARTING CIRCUITS

UNIT OBJECTIVE

-
»

-

After completion of this unit, the student sFould be able to label the major parts in a |
starting circuit and match the parts to their functions. The student should also be able to
disassemble, test, and reassemble a starter. This knowledge will be evidenced by correctly
performing the procedures outlined in the job sheets and by scoring 85 percent on the unit
test.

L .

SPECIFIC OBJECTIVES
. ’
' N
~After completion of this unit, the student should be able to:
. Y ’
1. Match terms related, to starting circuits with their correct definitions.
2. Explain the purpose of a starting circuit.
3. Label the major parts in a starting circuit.
. _ 4. "Match the major parts in a starting circuit with their functions.
5. Name four major parts of a starting motor.

6. Match the component parts M starting motor with their functions,

~d

Explain how a basic starting motor converts electrical energy into mechanical
‘ energy.

8. Select true statements concerning how a starting motor is kept running.
9. Discuss the curreng?fl;w in a starting motor circuit,
10. Identify four types of starter field circuits.
11. Match the types of starter field circuits wifh the current flow in each type circuit.

-

12.. Select true statements concerning counter electromotive force in relation to
armature speed. !

*

13. Name four types of switches for starting motors.

14. Distinguish between a magnetic switch and a solenoid switch,

16. Arrange in order the steps in the operation of a series-parallel switch.

. 16. Explain two vysstarter drives are engaged.
146




17. List three types of electromagnetic pr lever shift drives.
18. Demonstrate the ability to: '
a. Remove and replace a starter. N
l.’

b. Disassemble, tﬁ' and reassembfe a starter.

c.  Test starter circuit (no load). \_\/

d. Recondition starting motor armature.-

e. Check voltage drop in a starter circuit.

»

e
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. g STARTING CIRCUITS ‘
UNIT V .

SUGGESTED ACTIVITIES

I Provide student with objective sheet.
(. Provide student with information and job sheets.
1B Make transparencies. .
V. Discuss unit and specific objectives.
V. Discuss information sheet.
VI.  Demonstrate and discuss the proced‘ures outlined in the job sheets. \
Vil De;nonstrate different designs of sta}ters.

VI Take field trip to a starter rebuilding shop. ’

IX. Give test.

. INSTRUCTIONAL MATERIALS ‘ L

l. Inch‘Jded in this unit:
A. Objective sheet
B. Information sheet
C. Transparency masters
’ 1. TM 1--Starter Motor Component Parts
2. TM 2--Components of Armature ‘ .

3. TM 3--Parts in Starting Circuit

4. TM 4--Starting Motor

5. TM 5--Starter Field Circuits
6. TM 6--Types of Motor Switches
7. TM 7--Series-Parallel Switch and Starter Circuit

‘ . 8. TM 8--Types of Electromagnetic or Lever Shift Drives

CERIC 1o
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é

D. Job sheets .
1. Job Sheet#1-Remove and Replace a Starter ’

. o .
2. Job Sheet #2--Disassemble, Test, angd Reassemble a Starter

3. Job Sheet #3--Test Starter Circuit (No Load)
4. Job Sheet #4--Recondition Startir;g Motor Armature

5. Job Sheet #5--Check Voltage Drop in a Starter Circuit

-

E. Test

L
A

F. Answers to test
o]

il References: ' ;

A. Fundamentals of Service: Electrical Systems. Fourth Edition. Moline, IL:
Deere and Company, 1979.

B. Billiet, Walter E. and Goings, Leslie F. Automotive Electrical Systems.
Third Edition. Chicago, |L: American Technical Society, 1970.

»

C. Crouse, William H. Automotive Mechanics. New York: Webster Divigon/

McGraw-Hill Book Company, 1975. -
D. Dagel, John F. Diesel Engine Repair. New York: John Wiley and Sons, Inc., .
. 1972. .
J
. E. Foutes, Willlam A. Diesel Engine Mechanics. Stillwater, OK: Mid-Amefica _
p . Vocationa! Curriculum Consortium, 1977. 1 -
L
. p .
» +
\’\ §
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A o STARTING CIRCUITS

. T ~ UNITV
) - INFORMATION SHEET
- I Terms and definitions (Transparencies 1 and.2) .
A. Pole pieces-Ends of a magnet in the field frame assembly of a starting
motor . .
) B. Field winding--\ére wrapped around pole pieces to increase the strength of
the magnetic field when current is passed through the windings ’
. C. ‘Armature--Main drive of starter motor; converts electrical energy into
P mechanical energy X '
’ D. Commutator--Metal segments attached to ends of wire loops to form contact
surface on armature '
R .
E. Brushes--Sliding contacts to feed electrical energy from battery to com- '
mutator ! ’
‘ F. Pinion--Small gear that meshes with a larger gear ' .
| G. Solenoid--Electromagnetic switch that closes circuit and engages the motor,
- drive pinion with the flywheel
H. Motor switch--Manual, magnetic, or solenoid switch
. . . =
I . Inertia--Tendency of a body in motion to remain in motion
J.  Cemf --Counter electromotive force
K. Voltage drc%e-"[h@é drop, or current used in cables
i. Purpose of a stdrting circuit--Converts electrical energy from ‘the battery into
mechanica) energy at the starting motor to crank the engine (Transparency 3)
a - -~
~ L Major pa‘rts in a starting circuit (Transparency 3)
* . A. Battery .

B. Starter switch (—\ *

C. Motor switch ‘

Starting motor
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VIIIL
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INFORMATION SHEET
Function of parts of a starting circuit
i
A. Battery--Supplies energy for the circuit .

-

B. Starter switch--Activates the circuit
C. Motor switch--Closes circuit to motor and engages motor drive with flywheei
D. Starting motor--Drives flywheel to start enginé

Major parts of a ;tarting motor (Transparencies 1 and 4)

A. Motor switch

B. Field frame assembly

C. Armature

D. Drive mechanism

Component parts and their functions (Transparency 4)

A. Pole sh:c;e--Forms a magnetic field of force around armature

B. Field winding-Wrapped around pole shoe to strengthen magnetic field when
current is passed through the winding

C. Armature--Converts electrical energy into mechanical energy to drive
mechanism to crank engine

(NOTE. The magnetic field around the loop and the field between the
po|_e shoes repel each other causing the loop ¥r armature to turn.)

D. Commutator-Forms contact Surface for battery to feed electrical current

through armature
o

E. Brushes--Sliding contacts which feed electricat energy to the commu}ator

Conversion of electrical eneggy nto mechanical energy--Current carrying
conductor (armature) formed in @ loop and mounted on a shaft, will cause the
shaft to rotate when placed inside a magnetic field (field windings)

How a starting motor is kept running (Transparency 2)

A. The magnetic field around the armature and the magnetic field between
the pole pieces repel each other causihg the armature to turn
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‘ INFORMATION SHEET _

’

B. Metal segments on the ends of the commutator make a one-half turn
reversing their connection through sliding contacts (brushes) which causes
the current to flow in the opposite direction in the armature windings

IX. Current flow in a starting motor circuit--Current will flow from battery, through ‘
cable, across switch contacts, through field windings and armature, and back “
to battery through ground (Transparency 3)

; X. Types of starter field circuits (Transparency 5)
A. Series-wound
B. Parallel-wound
C. Series-parallel-wound
D. Compound-wound
Xi. Types of starter field circuits and current flow (Transparency 5) )

A. Series-wound--Current flows through all the field windings before it flows
. through the two insulated brushes to the armature

B. Parallel-wound--Current flows through one field winding to the brushes, and
also through the other field winding to the brushes, piacing the field
windings in parailel R

C. Series-parallel-wound--One third of the current flows through each pair of
field windings to one of the three insulated brushes

D. Compound-wound--One or more of the poles is shunt wound, connected ‘
directly to ground to prevent excessive speeds

(NOTE: The shunt coil is not affected by the counter voltage (CEMF)
induced into the armature windings when passing through the magnetic field
of the field coils.)

XIl. Counter electromotive force in relation to armature speed

A. Counter voltage (cemf) is induced into the armature windings wr;en they
pass through the magnetic field of the -field coils

*

B. The faster the armature turns the higher the counter voltage

C. The compound-wound starter shunt winding prevents excessive speeding .
-because the shunt winding is connected directly to ground, reducing the
series field winding, armature current flow, and armature frée speed
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I INFORMATION SHEET - .

Types of switches for starting motors (Transparencies 6 and 7)

A. Manual

B. Solenoid :

C. Magnétic
D. Series-paraliel

X1V, Mdgnetic, and solenoid switches (Transparency 6)

/
A. Magnetic--Normally used with bendix drive as switch does not provide
mechanical shifting of drive mechanism

Yy

B. Solenoid--Provides a mechanical means of shifting-pinion into mesh with
¢ - flywheel

XV. Operation of a series-parallel switch (Transparency 7)
A. Starter switch closes, connecting two 12 volt batteries in series with the
starting motor ‘
B. Solenoid circuit is completed by a set of points mechanically closed by
the series-parallel switch plunger and starter turns over
C. Starter switch is released, going into neutral position, permitting operation
of electrical equipment by two 12 volt batteries in parallel for normal
operation
XVI. Engaging starter drives

i

A. Inertia of armature acting through drive mechanism

B. Ele;tromagnetic plunger to mechanically shift pinion into mesh
XVIl. Types of electromagnetic or lever shift drives (Transparency 8)

A. Overrunning clutch

B. Dyer drive

Sprag clutch drive




Starter Motor Component Parts

. Pole Pieces
A
Magnetic Field il Field Winding
POLE PIECES AND THEIR MAGNETIC FIE.LD . HELD WINDING ADDED TO POLE PIECES
P
155
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Current = .

From
Battery

Components of Armature

Loop -

v Armature

ARMATURE AND BRUSHES

157
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Parts in-Starting Circuit

Starting [ \ 5
G

> Starter Switch v ¥ Flywheel

LS1-S3




Contact Terminals

. |
.

Starting Motor

Contact Disc
Heavy-Duty Plunger
SOleDOid‘ Switch Linkage Seal

R -

2

52

., -

’ - Gasket
Gasket
Commutator
End Frame
Qil ) ,
Reservoir Brush A
Cable
! N i:'-i W {
S
5
W "

I AL A e
A
7 % 7o/

Terminal /X"

O-Rings Inspection | Field -Coil
Plate

Commutator Fole Shoe

© General Motors Corporation
*

Armature

Shaft /Seal

: Linkage
Shift Lever
2| Lever Housing- .
e Nose Housing
O Pipe Plug
A
ﬁ\ . Bronze -
oi Bushing
O-Rin . i i
g Reservoir Oil Reservoir
Heavy-Duty
Bronze Bushing Clutch

161

=4
m
¢
-
(42
[le]




Starter Field Circuits

Current From Battery

g

Pole Shoe | ~ Pole Shoe
FOUR-POLE —~TWO-COIL SERIES-WOUND MOTOR  FOUR-POLE—FQUR-COIL PARALLEL-WOUND MOTOR
~ : ‘ | Commutator |
. Shunt Coil

Pole (6 Used) Pole Shoe
2 SIX-POLE=SIX-COIL SERIES-PARALLEL-WOUND MOTOR . COMPOUND-WOUND MOTOR

191-53 :@

&

163
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Types of \Motor Swm:hes

= Starter Control Swntch
‘ Winding -
1 ;'}\%’ﬁ/‘ Plunger \j

Heavy Switch

Motor Terminal

t@jﬂ?’ﬂt Cont'act Disk
/1

Bendix Drive = Startmg Motor

\ ' To Batteries
MANUAL SWITCH Hold-In  Pull-l
T  Winding Winding SOLENGID CIRCUIT
| Solenoid. : (S \ '
Shift Lever\ Control Switch

Battery Terminal

\ TYPICAL MAGNETIC
~ SWITCH CIRCUIT

) / v Overrunning L PP
. ~ Clutch = ¥ Starting To g;iitew

€91-S3:@

160
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Series-Parallel Switch and Starter Circuit

| Regulato( (12-Volt)

Series-Parallel —

Generator
(12_\/0")» To Lights
; and Accessories
@) pd
N ¢ Ammeter
AT
_ AT Starting § “B"ry *
bl A Switch \&  [o-
@ AR
2Ot 4 | 8532
) ) L ¢  Pall

Switch
" | Fuse

L

L

Solenoid Switch (24-Volt)

B>

}

Amriter (Bat. B )o(f

Starting Motor (24-Volt)

16y {

™7. |




Types of Eléctromagnetic or Lever Shi‘ft Drives

/Solenoid Shift. Lever |

Pinion Stop

DYER DRIVE IN OPERATION: 3} FLYWHEEL
SPINNING PINION OUT OF MESH

Pinion Gear

Collar =5 - | Shift Collar
OVERRUNNING CLUTCH DRIVE ENGAGED . SPRAG CLUTCH DRIVE

£91-83 :@
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. STARTING CJRCUITS
UNITV *

JOB SHEET #1--REMOVE AND REPLACE A STARTER

<

I. Tools and materials i

Vehicle |

Combination end wrenches, 3/8" - 3/4"

Sockets, 3/8" - 3/4" by 3/8" drive

Ratchet, 3/8" dkive ) :
Extensions, 3" and 6" by 3/8" drive

Small ignition wrench set

~2

Battery cable pliers

£ 6 mm o o » >

Safety glasses

Appropriate service manual

I Procedure
. ’ (CAUTION: Remove all jewelry prior to working on any electrical systen. and
follow all shop safety procedures.)

A. Remove starter -
__/1. Disconnect battery ground cable
2. eﬁove the cables and electrical wires from the starter
(NOTE: In some cases it may be necessary to remove the starter retain-
ing bolts and allow the starter to be lowered to provide easy removal of

the starter wires and cables.)

3. *Remove starter retaining*bdlts as required (Figure 1)

FIGURE 1

Remove Cables
and Wires

Remove Starter.
Retaining Bolts




JOB SHEET #1 : ‘

4, Remove other starter brackets if used

5. Remove starter from engine
(CAUTION: Starter motors are heavy and should be handled
carefully during removal to avoid damage to the starter or injury
to the worker.)

B. Replace starter
1. Clean starter and block mounting surfaces
2. Position starter in mounting position and start retaining bolts

3. Tighten starter retaining bolts securely

4. Position starter wires and cables in place and start retaining nuts

5. Tighten starter wires and retaining nuts securely 1

(NOTE: Avoid overtightening and twisting off small retaining

nuts.)
6. Replace any brackets that may have been removed and tighten . ‘
securely ,
7. Check all connections

8.. Rep|ace/ battery ground cable

Start engine two or three times to check starter action
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STARTING CIRCUITS .
UNIT V

JOB SHEET #2--DISASSEMBLE, TEST, AND REASSEMBLE A STARTER

I T02|s and materials
A. Vehicle
Combination end wrenches, 3/8'" - 3/4""

Neédle nose pliers

o o w

Pliers (two pair)
Hammer v -
Small wood block

Suitabie armature growler and test light

T 6 mm

Appropriate service manual
. Procedure

(CAUTION: Remove all jewelry prior to working on any electrical system and
follow all shop safety procedures.)

A. Disassemble starter (Figure 1)

Solenoid

FIGURE 1 .
. : Assembly
J ink
7 Linkage
q e
, Cable — oa) :Q:“:‘_f : .
. Cover Commudtator ;"Y «, Drive Housing '
Band  End Frame 5 0000 /i
o ——

. \Field Frame 29==%
oAssemb| Do==3 Cotter Pin

0 0=y ..
Space (asher o o w==q Pinion

i)

|ntermediate Shift Sleeve Spring Pinion Stop
Bearing —= —V— —
h Dyer Drive Parts

3 G 00 QO e
Joam Game OO O 0, o
S Cume OO Q.G Jm
Armature p J;

k o
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JOB SHEET #2

Disconnect field coil connectors from solenoid
£y

Remove thru bolts

Remove starter end frame

Grasp starter housing and remove- the armature and drive assembly

from the housing

;

Remove the armature and drive assembly from the drive housing

(NOTE: Sometimes the solenoid and shift lever assembly must be
removed before the°drive assembly and armature can be removed.)

Remove starter drive from armatur®e shaft as follows:
a. Remove thrust washer

b. Tap retainer toward armature to free the snap ring (Figure 2)

FIGURE 2

c. Remove'snap ring and retainer

d. Remove starter drive and assist spring (Figure 3)
FIGURE 3

<a

@




D: ES-173

JOB SHEET #2

7. Remove starter brushes, if required

B. Test and service starter

1. *Clean all starter components

(NOTE: Clean all parts by wiping with clean cloths. The armature, field
coils, and starter drive assembly must not be washed in solvent.)

Arrange all starter cofnponents for inspection
Inspectkstarter bushing for looseness and replace as required
Inspect starter brushes for wear

(NOTE: Brushes worn to half their original length or less should be
replaced.)

Inspect the starter drive

{(NOTE: The starter drive pinion gear shquld turn freely in one direc-
tion and lock when turned slowly in tige other direction.)

. Inspect armature commutator

(NOTE: If the armature commutator is rough or out-of-round, it shou.id
be turned down using suitable equipment.)

Test the armature for short circuits (Figure 4)
(NOTE: Place the armature on a growler and rotate the armature

while holding a hacksaw blade over the armature core. If the blade
vibrates, the armature is shorted and will rgquire replaceme_pt.)




JOB SHEE1Q#2 .

* 8. Check armature for ground (Figure 5)

(NOTE: Place one lead of a test lamp on the armature core or shaft and
the other on the commutator. If the lamp lights, the armature is
grounded and will require replacement.)

FIGURE 5

9. Check field coil for open circuit (Figure 6)

(NOTE: Place one lead of the test lamp on the insulated brush and the
other on the field connection tab: If the lamp does not light, the field
coils are open and will require replacement.)

FIGURE 6
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JOB SHEET #2
| 4

10. Check field coil for ground (Figure 7)°

(NOTE: Place one lead of the test lamp on the-figld connector tab
and the other on the grounded brush. If the lamp lights, the field
coils are grounded and will require replacement.) .

L3

FIGURE 7

e ’ “

© General Motors Corporation

11. Test, inspect, and replace any parts that are worn or damaged before
reassembling starter

C. Reassemble starter

1. Assemble and install starter brush rigging, if required

2. Att ires to starter brush assemblies

Install starter drive on armature shaft

4. Drive snap ring on shaft (Figure 8)
FIGURE 8 -

\‘/(J Snap Ring L _

\TF Groove

T Retainer




176

5.

10.
1.
12,
13.
14,

15.

"JOB SHEET #2

Force snap riyhg into retainer (Figure 9)

FIGURE 9

Lubricate drive housing bulshing with 4 to 5 drops of light ol
.

Make sure thrust collar is in place against snap ring and retainer

Slide armature and starter drive assembly into place in drive housing,
engaging shift lever with starter drive as required

(NOTE: Install solenioid if removed.)
Position field frame over armature

(NOTE: Use care when positioning field frame against drive housing
to prevent damage to the brushes.)

Place 4 to 5 drops of light oil on starter end frame bushing
Place leather brake washer on armature shaft P

Install starter end frame and start thru bolts

Tighten thru bolts evenly and securely

Reconnect the field coil connectors to the solenoid

-

Test starter with a battery and jumper cables to determine starter
motor performance
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“ STARTING CIRBUITS
UNIT V
JOB SHEET #?3'--TEST STARTER CIRCUIT (NO-LOAD)
L Tools and materials | ~
A. Engine ) s .« -
‘ B. Basic hand tool set J), )
; C. Fully charged battery - g
D. Ammeter AL :
E.  Starter technical manual specifications .
F. Voltmeter
G. Carbonpile resistor
H. Tachometer
‘ I. - Safety glasses ® X . ,
J.  Appropriate service manual '
, il Procedures
(CAUTION: Remove all jewelry prior to working on any electrical system and .
follow all shop safety procedures.)
A. Inspect starter motor before removal ’
1. Engage starting motor drive gear and listen for clashing teeth
2. Release motor drive from flywheel and listen fom or rattling
noise
X ) (NOTE: 1 and 2 above indicate a dry or worn drive mechanism.)
' 3. Look for loose mounting bolts
-~

4. Remove commutator end frame and check for burned commutator
. bars, high mica, worn brushes, or an oily commutator and brushes

(NOTE: Correct 3 and 4 before further testing, if necessary.)

5. Check pinion gear for freedom of movement by turning shaft
. B. Conduct ng:load test
1. Rein,g{ve starter from engine

/ —
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- ' JOB SHEET #3
?

[y
4

on the voltmeter

N a

. 10. Read the ammeter for the current draw
11. - Read the tachometer for the armature speed
s . 12. -+ Compare the readings with the technical manual speuflcatuons for

o the starter motor benng tested

) 2. Connect starter motor to a fully charged” battery (Figure 1)
o ' FIGURE 1
. , ‘
’ A ete
. o mmeter Voltmeter
- Battery i (U —

Carbon d
Pile Solenoi
“ Resistor Jumper. Lead
: Bat.
“ , )
‘ ) ) Tachometer -
. “ . Cranking
. @ Motor
N
N 3. Connect an ammeter between battery and starting motor (Figure
1)
. ) .4, Connect a jumper wire between the "s" terminal and thé battery

post so solenoid current’draw i1s not measured, if technical manual
specification is for basic motor only (Figure 1)

4
- . . B. . %onnect voltmeter to ;tartlng motor terminal and franye (Figure
. o . 6. Connect é;rbon pile resistor across the battery (F|gure 1)
.. ) 7. Place a tachometer on end of armature to measure armature speed
1} (anure 1)
. . © - 8. Start motor by connectin—g leads to battery terminal
9. Vary the carbon pile resistor until the specified voltage is shown




D: ES-179

& |
|
JOB SHEET #3
C. Interpret no-load test results
1. Rated current draw and .no-load speed indicates a normal starter
E— motor condition ¢
2. Low free speed and high current draw indicate:
! 4 A . .
. /o a. Too much friction : ) ~_
.- .
b. Shorted atmature
'4
c. Grounded armature of fields
3. Failure to operate with high current draw indicates: ,
' a. A direct ground in the terminal or fields
b. Frozen beafings -
4. Failure to ope@t_exwith no current draw indicates:
a. Open field cirduit
. b. Open armature coils . .
‘ C . . ]
) . c.. Broken brush sptings, worn brushes, or high insulatin
between commutator bars '

i - s.- -

5 Low speed and low current draw indicates high internal resistance
due to poor connections, dirty commutator, or an open field
circuit -

- 1 - .
0 6. High free ’spee:l and high current draw indicate shorted fields
’ )

»
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- STARTING CIRCUITS

UNIT V

JOB SHEET #4--RECONDITION STARTING MOTOR ARMATURE

—
I Tools and materials

Starting motor

Basic hand tool set

Special tool for turning commutators or a_ lathe

Special tool for undercutting conéinutator or hacksaw blade

-

Safety glasses

T m o O o o>

Appropriate service manual

H. Procedure ) R

(CAUTION: Remove all jewelry prior to working on any electrical system and
follow all shop safety procedures.)

A. Turn down commutator

. 1. Secure armature and special tool in vise or lathe (Pigure 1)

FIGURE 1

-

2. Remove only enough me,ial to "true-up" the commutator .
B. Undercut the mica between commutator bars
N 1. Secure arfmature and special tool in vise (Figure 1)

(NOTE: Use hacksaw blade saw with same width as distance between
commutator bars if special tool is not available.)

.

v 15,




JOB SHEET #4

2. Undercut mica on commutator

{(NOTE: . Always consult starting motor specifications before recon-
ditioning armature. Most high output starting motor armatures should
not be undercut after the armature is turned down.)




STARTING CIRCUITS
UNITV

JOB SHEET #5--CHECK VOLTAGE DROP IN A STARTER CIRCUIT

Tools and materials
_A. Engine
B. Voltmeter
C. Appropriate service manual

Procedure ' !

(CAUTION: Remove all jewelry prior to working on any electrical system and
follow all shop safety procedures.) ’

A. Connect voltmeter positive lead to positive battery (+) terminal .
B. Connect negative voltmeter lead to large cable connector on starter solenoid
C. Set voltmeter on lowest scale reading or about 4 volts

D. Crank engine and watch meter

(CAUTION: Prevent engine from starting.) ‘

E. Check total voltage drop; it should not be over 0.5 volts for a 12-volt system

/ 1%
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. ‘ STARTING CIRCUITS :
: . 5 SR UNITV )
. NAME
TEST
1. Match the terms on the right with their correct definitions. -
a. Ends of a magnet in the field frame assembly 1. Armature '
of a starting motor
) 2. Solenoid
' b. Wire wrapped around pole pieces to increase - .
. the strength of the magnetic field when . 3. Pinion "’
current is passed through the windings ¢
. ' . - 4, Pole pieces -
. c. Main drive of starter motbr; converts electric-
T al energy into mechanical energy . 5. Field
“ ‘ ] * winding
* d. Metal segments attached to ends of wire 3.
loops to form contact surface on armature 6. Commutator
‘ < ~
. e. Sliding contacts to feed electrical ‘energy from 7.. B‘{shes '
battery to commutator . | .
- 8. Inertia
: f. Small gear that meshes with a larger gear S
. N - . 8. Motor switch
g. Electromagnetic switch that closés circuit and ‘
" engages the motor drive pinion with the 10. Cemf
. flywneel . t
. h. Manual, maggetic, or solenoid switch' - '

i. Tendency of\a body in rrftion to remain
in motion ¢ .

j. Counter electromotive force

~
»

2. Explain the purpose of a starting circuit.

- 3. Label the major barts in a starting circuit. .

.
. PO
M »
.
. —
N d
x
. >
- .
»
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4. Match the major parts of & starting circuit on the right with their correct functions.

/ . Supp.ss 2nergy Tor 2 Corcuit 1. Motor switch

Acti..fest  ir.it 2. Starter switch

+ Closes ¢ 1C "hetor an7 engages motor 3. Starting motor

drivewith ¢, nes y -
arve witn -, hes 4. Battery

a Drivesfiguwvn rosrs

Nan.e four major parts © 7 <i3rung’ otor

d.

.

. ‘ N .
Match the component .arts of a starting inotor on the right with their correct func-
tions. .

Forms . magnetic field of force around 1. Armature
armarure \ )
. . 2. Field winding
Wrappeci round pole shoe to strengthen N
magnetic f:e!<i when current 1s passed through " 3. Commutator
the winding .

4. Brushes
Converts eectrica enérgy Into mecharical
energy to c¢rive mechanism to crank engine . Pole shoe

r ., v

Forms contact sur‘ace for battery to feed
electrical Lurren- through armature

\' . Shding’ Lont~cts which feed electrical energy
tp the c.a,m.‘.wﬁor

7. Explain how a basic starting motor converts electrical energy into mechanical energy.
. t

-

«

Select 116 statements concornng how  sv w.ang motor i1s kept runnmg by pla)cmg an

"X the appronrare blan«s :
. ,

The magne i Jeld connt the arvtstpre and the magnetic field between
the pole pieses repel ach r\thor causing ¢ne armature to turn

Meta! qummm on the enc of the commutator make a one-half turn révers-
ing their connection through shding contacts which causes the current to
flow 1n the appostte dirgotion in the armature windings

K

S i
Ay

Aruitoxt provided by Eic:
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. \ . . .
. 9. Discuss the current flow in a starting motor circuit.

10. ldentify four types of starter field circuits.

Field Coil Current From Battery

Parallel Windings >
N ~ T Field Winding .

/;lef Shoe Pole Shoe
a. - b. .

Copmutator .
">, Shunt Cail .

~ Coil (6 Used) | e Brush i

== 27 Pole Shoe

, Pole (6 Used) Senes Coils
C. N d.
, 11. Match the types of starter field circuits on the right wnth the current flow in each type
’ ) circuit. '
a. Current flows through all the field wind- 1. Compound-wound
ings before it flows through the two
' insulated brushes to the armature 2, Series-wound vt
o i 1
b. Current Haws through one field winding 3. Series-parallel-
. 1o thes brushes, and also through the wound '
other field winding to the brushes, placing .
r . = the field windings in parallel 4 Parallel-wound
V- c.. One-third of the current flows through
“each pair of field windings to one of . . /
the three insulated brushes .

connected directly to ground to prevent .

. . excessive speeds ; : .

d. One or more of the poles is shunt wound,
i
|
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A Fulrtext provided by ERC
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12.

13

14.

15.

~
[

Select true statements concerning counter electromotive force in relation to armature
speed by placing an " X" in the appropriate blanks.

a. Counter~voltage is induced into ther armature windings when they pass
through the magnetic field of theq field coils '

b. The faster the armature turns the lower the counter voltage

4 -
c. The compound-wound starter shunt winding prevents excessive speeding
because the shunt winding is connected directly to ground, reducing the

- series field winding, armature current flow, and.armature free speed

. ! .
Name four types of switches for starting motors.

d. .
Distinguish iBtween a magnetic switch and a solenoid switch by placing an (X" next to
the description of the magnetic switch. . {

a. Provides a mechanical means of shifting pinion into mesh with flywheel

b,. Normally used with bendix drive as switch does’not provide mechanical
shifting of drive mechanism

Arrange in order the steps in the operation of a series-parallel switch by'placing the
correct sequence number in the appropriate blank.
o
a. Solenoid circuit is com' sted by a set of points mechanically closed by the
series-parallel switch pli.:nger and starter turns over

i

b Starter sxvitch closes, connecting two 12 vo|t batteries in series with t"e
starting motor

c. Starter switch is released, going into neutral position, permit#g operation
of electrical equipment by two 12 volt battenes.in parallel for normal
operation

16 Explain two ways starter drives are engaged.
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. ~ 17. List three types of electromagnetic or lever shift drives.
a' . LY
’ 4
b. . .
c. /

18. De‘monstrat% the ability to:
a. Remove and replace a starter.
b. Disassemble, test, and reassemble a starter. .
c. Test starter circuit {no-load).
d. Recondition starting motor armature.

- e. Check vo|tage'drop in a starter circuit.

(NOTE: If these activities have not been accomplished prior to thé test, ask your
instructor when they should be completed.)
) »




10.

1.

.. magnetic field (field windings)}

4

- STARTING CIRCUITS -

UNITV
\ ..4. -
ANSWERS TO TEST <
a 4 f 3
b 5 g 2
c 1 h. 9
d. 6. i 8
e. 7 i 10

’

Explanation should include--Converts electrical energy from the battery into mechan-
ical energy at the starting motor to crank the engine

a. Battery
b.  Starter switch
c.  Motor switch _
d. Starting motor
a. 4 _
b. 2 )
c. 1 ,
d. 3 - ~
. * -
a. Motor switch )
b. Field frame assembly
c. TArmature-
d. Drive mechanism .-
a. 5 d. 3 ' ) !
b. 2 e. 4
c. 1 h&

willcause the shaft to rotate when placed inside a

‘

loop and mounted on a sha

’

" Explanation should ude\?urrent carrying conductor (armature] formed in a,

a,b

Discussion should include-Current”will flow from battery, through cable, across
switch contacts, through field windings and armature, and back to battery*through
ground ‘ ' . .

Pacallel-wound.

a.
b. Series-wound
c. Series-parallel-wound '
d. Compound-wound
a. 2 f\ . ~.
b. 4 ’
s+d. 1
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. * 4 . - -
™ 12:-7a, ¢
13. a. Manual s
' b. Solenoid
c. Magnetic
d.  Series-parallel
14. b
‘15. a. 2 ' i ,
b, 1
c.” 3

‘ \

16. Explanation should include:

a. Inertia of armature acting through drive mechanism
b. Electromagnetic plunger to mechanically shift pinion into mesh

’

17. a.  Overrunning clutch
b. Dyer drive .
¢. Sprag clutch drive ‘ . .

18. Perf%rmance skills evaluated to the satisfaction of the instructor

2

M ~




IGNITION CIRCUITS
UNIT VI

UNIT OBJECTIVE

After completion of this unit, the student should be able to remove and install a distributor,
replace contact points and condenser, and check and set ignition timing. The student should
also be able to remove, servige, and replace spark plugs. This knowledge will be evidenced by
correctly performing the procedures outlined in the job sheets and by scoring 85 percent on
the unit test. o

‘_/\ 1} - , .
SPECIFICOBJECTIVES

After completien of this unit, the student should be able to:
. . . ! . . . . . ..
1. Match terms related to ignition circuits with their correct definitions.
.~ Explain the purpose of an ignition circuit.. ¢

. 3.. Identify the components of an ignition circuit.
£ ra ‘/ -
Match ¢he components of an ignition circuit with their correct functions.

5. Distinguish between primary and secondary ignition circuit components.
Identify the components of a distributor.

.. Arrange in order thfa steps in the operation of a;n ignition circuit beginning with
the battery through one complete cygle. -,
8. Distinguish between transistorized and capacitive discha‘rge ignition systems,
9. ldentify the major components of an electronic ignition :‘ystem.
10. Match\the major éomponents of an electronic ignition system with their func-
tions.

11. Demonstraté the ability to:
T 4 ]
a. Remove and install a distributor. .

b. Remove and replace contact points and condenser.
« C. Adjust dwell on an externally adjustable distributor.

¢ \, d. Check and set ignition timing., ) .

Remove, service, and replace spagk plugs.

»
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v,
\ VI,
VI,
VI,
IX.
X.

. XI.

IGNITION CIRCUITS
UNIT VI

SUGGESTED ACTIVITIES

Prov{de,student with objectivs@A

N

Providte\student with information and job sheets.

Make transparencies. o

Discuss unit and specific ohjectives."

Discuss inforniation sheet.

Demonstrate and discuss the proqec.iures outfined in the.job sheets.
Discuss spark, plug heat range.

Dfscﬁs;C:d‘ifferent methods of igﬁnition bypass.

Show elétséronic parts to students and explain their operation.

¥

Have Champion Spark Plug Mobile®%nit visit class. ’ .

Give test.

i

INSTRUCTIONAL MATERIALS

included in this unit:
A:  Objective sheet
B. \rformation sheet -
C. Transparency masters
1. TM 1--Components of an Ignition Circuit
2. TM2-Primary Circuit
3. TM 3--Secondary .Circuit! .
4. TM 4--Distributor Components
5. TM 6--Operation of an lgp.i‘tio’n Circuit A

L Y

6. TM 6--Operation of an Ignition Circuit - B

7. ™ :/--Operation of an Ignition Circuit - C R

D: ES-195
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D.

E

F.

4 T

2 TM 8--Operation of an IgmtBrz Circurt : D

9. .TM 9.-Operation of an ll:qnmon_ Cicuit - E

10. TM 10--Major Components of an Electronic Ignition System

Job sheets 7 ‘
1. Job Sheet #1- Remove and Install a Distributor
2. Job Sheet #2--Remove and Replace Contact Points and Condenser
3. Job Sheet #3--Ad{ust' Dwell on an Externally Adjustable Distributor
4. Job Sheet #4--Checlfrand Set Igpition Timing
5. Job Sheet #5--Remo‘ve, Service, and.Replace Spirk Plugs

Test

Answers to test

References

A.

-,

Fundamentals of Service. Electrical Systems.Fourth Edition. Mohre, IL.

Deere and Company, 1979. ‘
Billiet, Walter E., and Goings, Leslie F. Automotive Electrical Systems. Third -
Edition. Chicago: American Technical Society, 1970. - .

Crouse, William H. Automotive Mechanics. New York: Webster Diwvision/
McGraw-Hill Bo\ok Company, 1975.

Dagel, John F. Diesel Engine Repair. New York. John Wiley and Sons, Inc.,

1982 ' ,K

Foutes, Wilham A. Diese’ Engine Mechanics. Stillwater, OK: Mid:America
Vocational Curriculum Zonsortium, 1977. , | N
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IGNITION CIRCUITS
UNIT VI ,

2

L " INFORMATION SHEET : .

l. Terms and defigitions

A.

“G.

Timing--Igniting th¥ fuel-air mixture at the exact instant that will enable the
engine to develop maximum power ’

~

Timing marks--Marks used to synchronize the ignition circuit so that plugs
will fire at the precise time

(NOTE: Timing marks are usually located on the vibration damper or.
flywheel.)

Primary ignition circuit--Low voltage circuit which energizes the ignition coil
»’ »t

. Secondary ignition circuit--High voltage circuit which produces electrical -

current to jump spark plug gap

Dwell-Number o; degrees of distributor cam rotation that the ignition
points are closed

Coridenser--A unit installed between the breaker points and coil to prevént
arcing - Va . &

r
(NOTE: A condenser ha$ the ability to absorb and retain surges of electric-

ity.)

9oil polarity--A means of ‘connef:ting the coil primary windings to the
distributor so that current produced at the spark_plug will travel from
center electrode to ground

Example: On negative-ground systems, the-hegative prirr{ary terminal of
’ coil is connected to the distributor. On positive-ground  sys-
tems, the positive primary terminal is connected to the dis-

tributor

. : 1
Electronic ignition system--lgn‘(tion system usihg a control Unit and mag-

netic pickup to open and close the primary circuit
p

Electronic module--A switching device that opens and closes the ignition to
primary ground circujt .

Stator--Rotatfng part ih distributor that breaks the magnetic field in the
pickup coil : . ’ .

L Purpose of an ignition circuit--The ignition circuit produces a high vottage spark

whi

ignites the fuel-air mixture in ‘the engine cylinder

2
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INFORMATION SHEET

Components of an ignition circuit (Transparency 1)

.,z =2 r =

A
B
C
D.
E
F
G
H

* Breaker cam

Battery

lgnition switch

Primary resistance unit .

Ignition coil

Contact points

Condenser .

Distributor

Spark-advdnce mechanism ‘

-

(NOTE: (There are two types of spark-advance mechanisms, vacuum and
mechanic. Engine vatuum controls timing advance imerelation tg engine
load. Mech ical advance changes engine timing according to engife speed.)

Distributor ca
Sperk plug
Primary 1gnjtion™y
Secondary ignition cable

lgnition bypass circuit
L]

- 1
Components of an ignition ci"cuit and their functions (Transparency 1)

Battery--Source of electrical power

Ignition switch--Opens and closes the primary circuit between battery
and contact points

Primary resistance unit- Reduces voltage in the primary circuit to protect the
contact points .

‘ =

o ’ )
Ignition coil--Trghsforms low voltage into high voltage necessary to jump the
spark plug ga ¢

Contact pomts--Make and break the primary cwcgn to allow the coil to
produce high voltage at the spark plugs ] ,

¢

Condenser Device that aborbs surges in the prnmary circuit when the open-
ing of the ignition polimts causes an interruption in current flow

.
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_~ INFORMATION SHEET g}
13

[

G. Distributor-Contains the cont'act‘points and condenser; distributes the high
voltage current from the coil to the proper cylinder

H. Breaker cam--Opens and closes the contact points

I.  Spark-advance m\chamsm -Regulates the tlmmg of the hlgh voltage circyjt
for best ignition during aII speed and load conditions .

J.  Rotor--Takes the hagh voltage current from the coil aa&girects it to the
correct cylinder : . .
. ~N .
K. Distributor cap--Holds the coil and spark plug wires 1n a sequence and
provides a cover for the distributor . .

L. Spark plug--Provides a spark gap inside the engine cylinder to ignite the
fuel-air mixture

M. ,anary ignition wire--Carries low voltage from the battery to the primary
snde of the ignition coil (Iight wire) ,

N. Secondary ignition cable--Carries high voltage from the secondary side of the
/ coil to the spark plug (heavily insulated wire)

O. Ignition bypass circuit--Primary ignition circuit that bypasses the ignition
resistance unit, permitting full battery voltage to the ignition coil during
Startmg only

t

Ignition circuit components
-

A. Primary-- LSW voltage circuit (Transparency 2)

-

1., Rattery

2. Ignition switch T
3. R istance unit ‘
4. Primary winding of the coil /“
5. Contact points. ‘
6. Condenser < . a ‘.
7/ Low voltage wire that conpects the units Ot '
B. Secondary--High voltage circuit (Transparency 3) / L .
1. Secondary winding of the coil o .
2. Distributor cap 4
3. Rotor

/ A3




INFORMATION SHEET . . s . ‘

4 ! . N

4  Spark-plug N . 3 ‘
r N l

5 High voltage wire that connects the units

Distributor components (Transparency 4)

o

A. DistniblUtor cap
.

B. Rotor ‘ o, .
L]
C. Centrifugal edvance mechanism ' ‘
v . \ ~
D. Condenser
E. Vacuum advance upit

F. Breakerplate )

"G. Distnibutor cam
H. Contact points ) .
I, Distributor housing ) ) ' T . ,
J.  Primary lead wire , '
K. Distributor drive gear
Operatton of an ignition circuit
A. With the ignition swnt:h on and the contact ,points closed, low voltage

current flows from the battery througn the prmary winding of the coil

and through the contact points to ground (Transparency 5)

B. The flow of low voltage current througn the primary W|%d|ngs of the coll
causes a magnetic field buildup (Transparency 6) .

C. As the contact points open; current attempts to flow across the point
surfaces, the condenser attached to the points absorbs this flow of current

(Transparency 7) ’ .

D. Stopping this flow of current causes the mabnenc field of the coil to coliapse N
across the secondary coil windings, causing a high voltage surge {Transparen-
cy 8) .

“E This high voltage surge 1s directed from the secondary wm(}‘ﬂigs of the coll
throughthe distributor cap and rotor and on to the spark plug to ground
(Transparency 9)

La, .
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Transistorized and capacitive discharge ignition systems . f
- {NOTE: Both variations are designed to increase primary voltage to coil and '1‘

reduce voltage to points or eliminate points.)
A. Transjstorized ignitions ) .
1. Amplifier included in circuit between points and ignition coil

2. Transistors allow very low voltage through the points and very high
voltage to the primary windings in coil

B. Ca%citive discharge system =
1. System contains special ignition distributor, amplifier, and special coil

2. System operates to charge a capacitor to a high voltage which, on signal
. from distributor, is then discharged through the primary windings in_
coil ’

IX. Major components of an electronic ignition system {Transparency 10)

-

A. Dual ballast resistor
. (NOTE: This component is not used on all models.)
B. Control unit -

C. Magnetic pickup assembly \

1

D. Armature or reluctor

X. Major components of an electronic ignition system and their functions
; *
A. Dual ballast re5|stor--Maintain§ constant primary turrent with variations in
engine speed

5 . {(NOTE: The)dual ballastﬂresistor is bypassed during engine starting.)

B. Magnetic pickup assembly--Sends a small voltage pulse to the control unit to
trigger switching transistor to stop current flow in the coil primary windings

. ¥ C Armature ,or reluctor--Rotates with the distributor shaft, producing a voltage
~ ( pulse in the magnetic pickup % «

(NOTE: The armature contains the same number of tips as the engine

. contains cylinders.) .
D. Control unif--ControIs the flow of current in the primary windings of the

. ‘ : _ ignition coil and maintains constant dwell - ‘




r"

| Spark-Advance Meehanism

Condenser I
|
|
I

Contact Points

Contact |

——rh.
JRE 1LY

fgnition
Coil

Distributor Cap

. “ Secondary Ignition W|re
(High Voltage Cable)

‘Components of an - ‘
Ignition Circut - -

L . lgnition Switch
lgnition Bypass Circuit lgnition 3

Primary Resistance Unit
o) e

| ~

Primary
" Ignition
Wire
(Lead). -




et D: ES-205

i o
. ]
: o= .
. g (7]
- . n
'm -
s -
. ) =
- ~ =
o .m \-!“‘v
. . -
. 1)
X
o
» S .t. ‘ «
8 2 S
, i -
et .8 s . ,
— , o s
» IR
[ ) . =
- N . =)
= ) ) -
. w —
E - £ _ :
» = =) . S
[ ) .0. Loes .
P by ' <= '
o QUi rSELENEeT”
-0 S - N .
. ) = - \ o>
.
, S = . E |
" .- .
- ] .
- “ \
s = :
a»: i} )
=
= .
Q.
. T~ e
. _ . ) -
] ’ o Q2
S . :
.= t .
=
(=] .
(45 «
Of
S—i
™ ;
Evm




ircul
ire
econdary
Winding

High Voltage W
S

-\
Coil

()
- N
i
(1]
]
=
(=]
(L
QO
(7]

<= ««1«

AN NMAEAEITLECCCLC "*
”

<=
Rotor
Distributor

i

alinnii




| i QCentnfquI Advance
= Mechanism

Condenser

_ Vacuum
a§ ,/

Contact Points _ %M e — Advance
' ‘ L% - Unit

»

L ~ Distributor Cam
Distributor Housing .

Primary Lead Wire -

Distributor Drive Gear B regker Plate:




e - , . D: ES-211

s [ =
c O
= o
c =
= QWu
, = _ :
1~
s B - %
)l (%] : oD
| I
S = z s
L
.. -“ C . m c —r
. ‘- (O .
S = o % : |
. @ .8 4 .
. » smm . o R
. = .
. | Q £ !
[vs | . -
: i .
D . | — .
-m -.m ) h... A‘ -mm '
. | O.Dml - ) 8
. Q. - Avinsieam - m )
o L o - _ - =]
. Ex 8 - g =
N sLo. ¥z £.E =
c g c " . . -m H.Nl r\}/,
- L S
, s . s
. . ° g et
c%. /' ~ nL
A . D .
. . OB
* ™ & S—i
» .v . . / Eym

:



-

»

reuit - B

Operation of an

L]

.

" Ignition C

oints
oints
'/

4

¢

(Breaker P
Closed

Contac

d

3

L

-

n.r
= O
.m h
- S c
= =
L=

(9p]
[ =1
- -
m,
=
an
=
.m
| .
.m
6“'.0.
| =
o
(o~
=
-y
‘ -~

lgnition Coil

D: ES-213

=
\‘ -




Aruitoxt provided by Eic:

Contact Points
(Breaker Paints)

Condenser |
Absorbs Extra Current
Momentarily to Prevent
Points from Arcing

Ignition Coil

- Operation of an
Ignition Circuit - C

»

Ignition
Switch On
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Major Components of an Electronic.lﬁnition System
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: o > Magnetic Pickup Assembly . . . -
>§ ! P ASSEMAY Distributor Housing
Distributor Ignition Coil | =
@ @ ® &1 |
g 1 o) >\ o | .
=Control Unit= oy ©, = /
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.+ IGNITION CIRCUITS
UNIT VI

% JOB SHEET #1--REMOVE AND INSTALL ADISTRIBUTOR

Tobls and materials
A. Engine . o
B. ?asic hand tool set

Set of ignition wrenches

ST

Special distributor wrenches as required
E. Auxiliary starter button
F. Spark plug socket wrench

G. Shop towels

. H. Safety glasses

.  Appropriate service manual
Procedure

(CAUTION: Remove all jewelry prior to working on electrical system and follow
all shop safety procedures.)

A. Remove distributor
1. Remove air cleaner if required

2. Remove the distributor wire from coil or distributor as required

-

3. Remove the distributor cap and position out of the way

4. Mark,position of the rotor P

(NOTE: It is necessary that the position be marked or indicated in
some manner for re-installation.)

5. Remove vacuum hose line from distributor
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. : o
" JOB SHEET #1

-

' ‘ 6. ‘Remove distributor clamp screw and hold-down clamp (Figure 1)

FIGURE ‘1

5 N U
3 .
REMOVE THIS CLAMP i
) 7. ‘Pu|| distributor ;p slowly and check direction the rotor turns
) ” (N({)TE: The amount the rotor turns’and-the direction i£ turns will be .
) . necessary for re-installation.) ' i
2 8. Remove distributor from engine
‘ . ‘ (CAUT|ON: Avoid dropping bolts, brackets, or foreign material into
.o opening. Cover with a shqp towel.) )
«
\ . 8. Service distributor as required‘
s ' . B. nstall distributor ‘
1. ) Reimove number one cy|ind‘er spark plug . o

2. Install auxiligry starter button and crank the engine until compression
is felt on number one cylinder

LA

-

o
=
(%
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. . JOB SHEET #1

-

’ 3. Crank the engine with short movements until the timing marks on
the flywhee! index with the timing marks on the front cover (Figure 2)

FIGURE 2

4. Place distributor in opening

(NOTE: The rotor must be pointing in the same direction as it was
before removal.)

5. Move distributor, if necessary, to engage the oil pump shaft
(NOTE: Occasionally the distributor will not fall into place because the
oil pump shaft has moved. The rotor should be positioned as close as
. " possible to the beginning location and the engine rotated slightly until
it falls into_place. Some distributor drives will be driven by oil pump
and gear-mesh will not be necessary.)
6. Install hold-down clamp and clamp screw .

7. Static time point openings

* (NOTE: A connection between distributor side of coil and grounc‘i'
. with a light or buzzer can be used.)

8. Tighten the hold-down scre\';v slightly
9. Replace vacuum‘liynes
10. Replace distributor cap and wires if<-removed
| ~ . 11. Replace spark plugs and plug wifes
| 12. Replace distributor lead wire

| ’ : 13. Check all connections for correct placement

B ' 14. Start erfgine and check timing

)

. . 15. Check operation of automatic advance
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IGNITION CIRCUITS
UNIT VI /

JOB SHEET #2--REMOVE AND REPLACE CONTACT POINTS
AND CONDENSER

I Tools and materials
A. Engine ‘
B. Basic hand tool set
C. Ignition wrenches . ' 4

Feeler gauges, .010- .025

Distributor cam lubricant

E.
¢ -
F.- Point alignment tools '
G. Timing light
H ™~

. Shop towels
I.  Safety glasses \A
J.  Appropriate service manual

1. Procedure

(CAUTION: Remove all jewelry prior to working on electrical system and follow
all shop safety procedures.) .

A. Remove distributor cap
B. Remove rotor

C. Determine condition of contact points and location of wires, screws, and
eccentric as used

D. Disconnect contact point primary lead wire and condenser wire by loosening
screw (Figure 1)

FIGURE 1




JOB SHEET #2

E. Loosen screws holding contact points in place (Figure 2)

FIGURE £

F. Remove contact point set
G. Remove screw holding condenser in place

H. Remove condenser

N 1. Clean breaker plwdistrubutor cam ) .

J.  Lubricate the distributor cam- wath a light coat of cam lubricant (Figure
3) <

(NOTE: On dsstributors with the centrifugal weights accessible, place a drop
of light oil on each weight pivot post.)

FIGURE 3

1

-

: K. Place the contact poirrts in distributor and install attaching screws

| -
! »
| L. Replace condenser and attaching screw; tighten securely .
. ‘ )

]

22
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¥

JOB SHEET #2

hep|ace the primary Ieid and condenser wires

(NOTE: Position the wires in such a manner to avoid binding or grounding.)
Tighten primary lead and condenser wires s,ecurely .

Check point alignment and adjust as required

Check contact éoint breaker spring tension

Adjust contact point opening (Figure 4)

(NOTE: Crank the engine to position the rubbing blosk of the contact
points on the peak of the cam lobe.)
P

FIGURE 4

Contact Points

Adjust contact points to manufacturer's recommendations

Tighten contact point attaching screws securely; recheck contact‘pofnt
opening
”

Install rotor

"(NOTE: Make sure the rotor is positioned correctly and securely in place.)
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JOB SHEET #2

U. Install distributor cap

(NOTE: Make sure the distributor is positioned correctly and securely in
place.)

V.  Replace distributor in engine, if removed
“W. Start engine

Set timing to manufacturer's specification (Figure 5)

FIGURE 5

TIMING

53

ey
]

f{
20
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’ ‘ N
. IGNITION CIRCUITS : -
UNIT VI
JOB SHEET #3--ADJUST DWELL ON AN EXTERNALLY © o
ADJUSTABLE DISTRIBUTOR ‘
! L )

¢ 1. Tools and materials
A. Engine
? B. Dwell meter

C. Hex contact point adjusting tool
D. Safety glasses
E. Appropriate Iservice manua’

1. Procedure . .

(CAUTION: Remove all jewelry prior to working on electncal system and follow
all shop safety procedures.}

. A. Connect dwell meter (Figure 1)

(CAUTION: Observe correct hookup procedures and position wires away
from moving engine parts.)

FIGURE 1 /

Dwell Meter

Black

(NOTE: Be sure and disconnect vacuum line.)
_Refer to manufacturer's specifications for desired dwell setting -
Start the engine

Adjust idle speed to manufacturer's specification

m o o w

Raise distributor cap adjustment window

22
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JOB SHEET #3

‘
Insert hex wrench inte contact point adjustment screw (Figure 2)

FIGURE 2

Contact Point

AdjustinE Screw

Adjust contact point dwell while observing dwell meter reading to comply
with manufacturer's specifications

(NOTE:. Recheck engine tdle speed.)

Remove hex wrench and recheck dwell reading
Shut off the engine

Remove dwell meter

Push window on distributor cap down securely

(NOT’E: Replace vacuum line to distributor.)

]

N
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IGNITION CIRCULTS
UNIT V.

JOB SHEET #4--CHECK AND SET IGNITION TIMING

I., Tools and materials

Safety glasses

A. Engine
B. Timing light ) . .
C. Combination end wrenches, 7/16" - 9/16"
D. Special.distributor wrenches as required‘ '
/ E. Chalk
F. Shop towels
G.
H.

Appropriate service manual

I, Procedure

. (CAUTION: Remove all jewelry prior to working on electrical system and follow
all shop safety procedures.) .

A. Obtain manufacturer's specifications for ignition timing, dwell, and rpm

(NOTE: Rpm and dwell must be set to manuﬁcrcr@?]s specifications before
timing is set.) ’

B. Remove vacuum line at the distributor (Figure 1)

FIGURE 1 ‘

REMOVE_VACUUM LINE
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~ JOB SHEET #4

Locate and clean the ignition timing marks on the harmonic balancer;
mark with chalk )

Y
Locate and clean the timing pointer or plate on the front ¢over

Connect the timing'|ight according to the instructions for the light being
used

(NOTE: Do not puncture spark plug cables with pins or clips to make
connections.)

Position wires away from moving engine parts

Start the engine

Make sure the engine is idling at manufacturer's recommendations

“(NOTE: The engine must idle correctly to prevent incorrect timing caused

by the centrifugal advance.)

Directime/&iming light toward the timing marks (Figure 2)

(NOTE: If the t'iming is correct, the timing marks will line up at the check
point. If the timing is incorrect, proceed as follows.)

?

FIGURE 2

CHECK TIMING

Loosen the clamp” or lock screw on the distributor
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. . JOB SHEET #4 .

K. Move the distributor until the timing marks are lined up (Figure 3)

FIGURE 3

MOVE DISTRIBUTOR TO ADJUS\T TIMING

L. Tighten the clamp or lock screw on the distributor
M. ‘Recheck timing )
% (
. N. Shut off engine
O. Disconnect timing light
(NOTE: Remove timing light adaptér on spark plug if used.)

P. Replace vacuum line on distributor -
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IGNITION CIRCUITS
UNIT VI o

JOB SHEET #5--REMOVE, SERVICE, AND REPLACE SPARK PLUGS

Tools and materials . -
A. Engine

B. Spark plug socket, 3/8" drive

C. Ratchet, 3/8" drive

D. Extensions, 3" - 6" - 10" by 3/8" drive

E. Spark plug cleaner

F. Wire brush

G. Small point file

H. Shop towels. '

. Safety glasses
J.  Appropriate service manual
Procedure

(CAUTION: Remove all jewelry prior to working on electrical system and follo
all shop safety procedures.)

A. Remove spark plug wires

(NOTE: Pull the wire from the spark plug by grasping the terminal, not by
pulling on the wire.)

B. Loosen the spark plugs

C. Clean the area around the spark plug by blowing, wiping, or brushing (Figure
1) -

(CAUTION: Protect your eyes when using compressed air.)




238

D.

E.

F.

JOB SHEET #5

FIGURE 1 s

y ¥

CLEAN AROUND SPARK PLUG

Remove the spark plugs

(NOTE: Ar‘range the spark ‘plugs in order as they are removed. The
condition of the spark plug can tell a lot about the operation of a particular

cylinder. See Figure 2.)
FIGURE 2

ARRANGE IN ORDER

Remove the spark plug gaskets if used

Determine the condition of the spark plugs and decide whether to replace

or service

- ()
A‘(}'J




D: ES-239

JOB SHEET #5 .

G. Service by cleaning the spark plugs on a spark plug cleaning machine (Figure
3) '

FIGURE 3

1

CLEAN SPARK PLUGS

I—‘-/ “
H. Clean the threads, with a wire hand brush (Figure 4)

. FIGURE 4

CLEAN SPARK PLUG THREADS

1. Bend the ground electrode slightly to open gap . - -

J.  File the center electrode to flatten the surface and square up the edges .

(Figure 5)

FIGURE 5

FILE CENTER ELECTRODE FLAT

23
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K.

L 4

JOB SHEET #5

l

Reset gap on new and servuced spark Blugs to manufacturer's specifications |

(Figure 6)

(NOTE: Use a wire gauge to check the gap. Make sure the electrod® surfaces .
-~

are parallel. Regap everytime plugs are serviced.)

(CAUTION: Ben'cja only the ground electrode.) '

. FIGURE 6 ..

Gap Setter e )

\

round Electrode

7

RESET SPARK PLUG GAP

-

|psta|l new spark plug gaskets as required

Install spark plugs and tighten

(NOTE: Use caution vyheﬁ starting the spark phﬁgs to avoid cross threading.)
Torque the spark plugs to manufacturer's recommendations

Rep|ac§ the spark plug wires in the proper order , .

Push the spark plug wires securely into place and make sure they

’ e

(NOT
are in the brackets or holders.)

2;{4
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TEST

Match the terms on the right with their correct definitions.

Igniting the fuel-air mixture at the exact

instant that will enable the engine to develop

maximum power

. Marks used to synchronize the ignition

circuit so that plugs. will fire at the precise
time

Low voltage circuit which energizes the
ignition coul

. High voltage circuit which produces elecgnca|

current to jump spark plug gap

Number of degrees of distributor cam rotat-
ion that the ignition points are closed

A unit installed between the breaker points
and coil to prevent arcing

A means of connecting the coil’ primary
windings to the distributor so that current
produced at the spark plug will travel from
center electrode to ground )
Ignition system using a control unit and
magnetic p«ckup to open and close the
prlmary circuit,

A switching device that opens and closes
the ignition to primary ground circuit

Rotating part in distributor that breaks
the magnetic field-in the pickup coil !

2. Explain the purpose of an ignition circuit. :

10.

.

Condenser

Timing
marks

Electronic
ignition system

Secondary
ignition circuit

Dwell
‘Timing

Primary
ignition circuit

Coil polarity

Electronic
module

Stator




3.

-

Identify the components of an ignition circuit.




a. Source of electrical power

b. Opens and closes the primary circuit between
battery and contact points

c. Reduces voltage in the primary circuit to
protect the contact points

e i o _—__d. Transforms low voltage into bl}h/ voltage
‘ necessary to jump the spark plugGap

e. Make and break the primary circuit to allow
the coil to produce high voltage at the spark

plugs

f. Device that absorbs surges in the primary
circuit when the opening of the ignition
points causes an interruption in current flow

g. Contains the contact points and condenser;
distributes the high voltage current from the
coil to the proper cylinder

: h. Opens and closes the contact points

. : i. Fiegulatés the timing of the high voltage
. *circuit for best ignition during all speed and
load conditions :

j. Takes the high voltage current from the
coil and directs it to the correct cylinder

k. Holds the coil and spark plug wires inya
. ' sequence and provides a cover for'the distrib-
utor

v I. Provides a spark gap inside the engine cylinder
to ignite the fuel-air mixture

. m. Carries low voltage from the battery to
the primary side of the ignition coil {light
- wire)

n. Carries high voltage from the secondary
side of the coil to the spark plug (heavily
insulated wire)

o. Primary ignition circuit that bypasses the
ignition resistance unit, permitting full

. battery voltage to the ignition coil during

starting only

O ‘ i’ 2:,“)’

. 4. Match the components of an ignition circuit on the ‘right with their correct functions.

D: ES-243 .

i. lgnition switch
2. Primary resistance
unit ‘
)
3. Spark plug
4. Primary ignition
wire
5. Breakercam
6. Distributor
7. Secondary ignition
cable .
8. Distributor cap
9. Spark-advance
mechanism
10. Condenser <&
11. Jdgnition coil
12. Rotor .,
13. ~Contact points
_14. Battery
15. lIgnition bypass

circuit
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5. Distinguish between primary and secondary ignitign circuit components by placing
a "P" next to primary components and a "S" next to secondary components.

@ Resistance unit ¢ ‘,\‘ ‘
\\ ______b. Condenser s ™
:
______c. Distributor cap
_______d. Ignition switch 1
_____e. Rotor . .
______f. Secondary winding of the coil ) a
_‘__g. High voltage wire that connects the units - ,
_____h. Low voltage wire that connects the units
i Contact points ' ,
|- Battery BN
‘ k. Primary winding of th;((;oﬂ *
’ |. Spark plug
4 - &

6. ldentify the components of a distributor.

a.

b. | .

e, |
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LY

7. Arrange in order the steps in the operation of an ignition circuit beginning with the
battery throughs one complete cygle by placing the correct sequence number in the
appropriate bl7hk

a. As the confact points open, current attempts to flow across the point
surfaces; the condenser attached to the points absorbs this flow of current

. This high voltage surge is directed from the secondary windings of the
coil through the distributor cap and rotor and on to the spark plug to
ground

’
The flow of low voltage current through the primary windings of the coil
causes a magnet|c field*buiidup ' .

<

. Stopping this flow of current causes the magnetic field of the coil to collapse
across the secondary coil windings, causing a high voltage surge

. With the ignition switch 6n and the contact points ‘closed, low voltage
current flows from the battery through the prlmary winding of the coil and
through the contact points to ground

S .
Dastmgunsh between transistorized and capacitive discharge ignition systems by placing
" . . . . . .. . d
an "X next to the descriptions of transistorized ignitions.

System contains special ignition distribu.tor amplifier, and Specia| coil

. Transistors allow very low voltage through the points and very high voltage
to the primary windings in coil

Amplifier included in circuit between points and ignition coil

. System operates to charge a capacitor to a high voltage which, on signal from
distributor, is then discharged through the primary windings in coil

2. ldentify the major components of an electronic ignition system.

\

Distributor Housing

Ignition Coil

: Distributor
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Aruitoxt provided by Eic:

10. Match the major components of an electronic ignition system on the right with the

¢

functions.

11. Demonstrate the ability to:

a.

b.

a. Maintains constant primary current with varia-
tions in engine speed

b. Sends a small voltage pulse to the control
unit to trigger switching traghkistor to stop
current flow in the coil prrmary windings

[/

a voltage pulse in the magnetic pickup

d. Controls the flow of current in the primary
windings of the ignition coil and maintains
constint dwell

. \
Remove and install a distributor.

Remove and replace contact points and condenser.

'Adjust dwell on an externally adjustable distributor.

. Check and set ignition timing.

Remove, ser\{ice, and replace spark plugs.

(NOTE: if these activities have not been haccomplished prior to the test, ask

your instructor when they should be completed.)

c. Rotates with the distributor shaft,.producing

Magnetic pickup

assembly

Control unit

Armature or

reluctor

. Dual ballast
_resistor




) ' D: ES-247

‘ IGNITION CIRCUITS N
UNIT VI .

1

\

ANSWERS TO TEST ) !
.o |

[ BN BN o ug- )
HINOD
bl
-
—
(o]

2. Expianation should include-The ignition circuit produces a high voltage spark which
ignites the fuel-air mixture in the engine cylinder

Battery _

Ignition switch

Primary resistance unit

Ignition coil

Contact points

Condenser

Distributor "

Breaker cam

Spark-advance mechanism )
Rotor P .
Distributor cap

Spark plug

Primary ignition wire

Secondary ignition wire

Ignition bypass circuit

°Sp3TFTITe ~panCTw

10
6
5

® 00T
N

©>23~—Fx

bW

f
g.
h.
i.
j-

9
12

Qo T o
©TwWUVDo
e ~o
NP NN p)

= — =
" oVvUoo

Distributor cap.a
Rotor

Centrifugal advance mechanism
Condenser

Vaculm advance unit
Breaker plate
Distributor cam
Contact points
Distributor housing
Primary lead wire
Distributor drive gear

E
Ao TO he Q0 oW




9. a. Dual'ballast resistor \/ .
b. Control unit .
\/ c. Magnetic pickup assembly

d. Armature or reluctor

10. a. 4 ) ct ’ ,
b. 1 .
c. 3

i d 2 .
11. Performance skills evaluated to the satisfaction of the instructor S
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. ‘ . . GENERATOR CHARGING CIRCUITS
UNIT VH

UNIT OBJECTIVE

-

- -

( After completion of this unit, the student should be able to identify the major parts of a
generator and match the names of components in the DC charging circuit with their correct
functions. The student should also be able to disassemble, test, and reassemble a generator.
This, knowledge will be evidenced by correctly performing the procedures outlined in the

o job sheets and by scoring 85 percent on the unit test. v

® ' ' SPECIFIC OBJECTIVES

.-
) After completion of this unit, the student should be able to:

1. Match terms related to generator charging circuits with their correct definitions.

2. State the purpose of a generator charging circuit.
" 3. Name two kinds of charging circuits.
4. Match the names of the components in the DC charging circuit with their func- 7
tions. # '
5. ldentify the major parts of a generator. .
6. Select true statements concerning the three operating stages of a charging circuit.
7. Arrange in order the steps in which current flows in a basic generator.
8. Explain how a field circuit is created in a generator.
. 9. Complete a list of statements concerning how a generator converts AC to DC
current. ’ . t
10. Distinguish between an "A" generator field circuit and a "B" generator field
. Circuit. )
= - & . .
11. Match the names of the generator regulator components with their correct func-
tions. s .
. P
\1 2. Match the types of generators with their uses. |
- kel
* 13. Match the types of electrical failure with their causes.
. 14. Select true statements concerning reverse polarity.




J
J

-

15. Demonstrate the ability to: .
a. Test generator output.

b. Remove and replace a generator.

. [«
c. Disassemble, test, and reassemble a generator.

. ' d. Test and adjust a régulator unit.
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’ &,
. : GENERATOR CHARGING CIRCUITS
. v UNIT VII X
SUGGESTED ACTIVITIES
o N

I Provide student with objective sheet.

i Provide student with information aWsheets.

>

TR Make transparencies. \
IV.  Discuss unit and specific objectives.
V.  Discuss information sheet.
' VI. Demonstrate and discuss the procedures outlined in the job sheets.
' VI Demonstrate lathe turning of a commutator.
VI Demonstrate an alternator and generator to show difference in output.}
IX. " Discuss electrical cautions. '

X. Giv? test. ul
. INSTRUCTIONAL MA'lLERlALS
. - )
l. Included in this unit:
A. Objective sheet :
B. Information sheet ’ .
C. Transparency masters . ‘
K 1. TM 1-Kinds of Charging Circuits
2. TM 2--Parts of a Generator
) 3. TM 3--Stages of Charging Circuit
4. 4--Current Flow in Basic Generator -
! ' 5. TM 5-AC Converts to DC i
6. TM 6--External Generator Regulator and Cut-Out Relay ‘ N
® 7. TM 7--External Generator Regulator and Cut-Out Relay (Continued)
. ' ' 8. TM 8--Types of Generators
e

Q .
| <13




D. Jab sheets . | ‘ ' .
1. Job Sheet #1--Test Generator Output - . - :
2. Job Sheet #2--Remove and Replace a Generator
3. Job Sheet #3--Disassemble, Test, and Reassemble a Generator ‘
4. Job Sheet #4-Test and Adjust a Regulator Unit '
E. Test , A !
F.  Answers to test
I References:
A Fundamentals of Service: Electrical Systems. Fourth Edition. Mo|ine: IL:
Deere and Company, 1979. . v
B. Stockel, Martin W. Auto Service and Repair. Homewood, |L: Goodheart-
Willcox Company, 1969.
R C. Billiet, Walter E., and Leslie F. Goings. Automotive Electrical Systems. ‘
Third Edition. thcago: American Technical Society, 1970, '
D. Dagel, John k. Digsel Engine Repair. New York: John Wiley and Sons,
Inc., 1982. .
E. Foutes, William A. Diese/ Engine Mechanics. Stillwater, OK: Mid- America

Vocational Curriculum Consortium, 1977.
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' GENERATOR CHARGING CIRCUITS
UNIT VII ’

INFORMATION SHEET
F ~

*

Armature--Series of wire conductors in the form of a loop, rotating in a
stationary magnetic field

Commutator--Bars an end of armature drive shaft and connected to the
ends of each wire conductor

Pole shoes--Permanent magnets that are fixed to the inside of generator
housing, and set opposite each other to create a weak magnetic field

Field circuit--One wire conductor wound around both poles many times
and attached to the brush

v

Regul'ator--An assembly which houses the cut-out relay, voltage regulator,
and current regulator

Arcing--Current attempting to cross between the commutator sections and
the brush 7

- 1.

Polarity--Direction of current flow ‘through the generator

Open circuit--Circuit in ‘which a wire is broken or disgonnected

3

Short circuit--Wire touching another wire and providing a shorter path for
current to flow

Grounded circuit--Circuit in which a wire touches ground causlng the current
to flow to ground instead of through the circuit

B
'

Purpose of a generator.charging circuit- The generator charging curcuut‘recharges
the battery and generates current during operation of the engine

Kinds of charging circuits (Transparency 1) v

(NOTE: Both circuits generate an alternating current, but differ in dow they
rectifp . the alternating current to direct current.)

A.

Direct current

(NOTE: Direct current charging canUItS are associated with generator type
systems ) .
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B. ‘Alternating current
2 - .

(NOTE: Alternating current charging circuits are associated with alternator
type systems.)

A

IV. Components o—f’th}"‘DC charging circuit and their functions (Transparency 1)

4 .

‘ A. Battery ,
. 1. Starts the circuit by supplying spark to start engine
, 2. Helps out during' peak operation when electrical lo.ads are 100
) S much for generator or alternator
3. Sgabilizes voltage in system

B. Generator

1. Supplies electrical power to accessory circuits
2. Recharges battery
, C. Regulator  * . ‘
1. Opens and closes the charging circuit (cut-out relay)
2. Prevents overcharging of battery (voftage regulator)
- . 3. Limits the generator's output to safe rates (current regulator)
g v D. Ammeter--MeaSL&es the rate of current flow
W ’
E. Voltmeter-Indicates produced voltage
. . . v
R
—\ V. Parts of a generator (TJansparency 2)
a Pl <
A. Pulley
B. Fan
v IS
C. Drive end frame ' (\__
D. Generator housing '
E. Field coils ¥
11;, /‘t l)

., F.  Commutator .. -
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G. Thru bolts
; H. Brushes
I.  Armature . -

.

VI. Operating stages of a charging circuit (Transparency 3)
A. Starting--l?;a'ttery supplies all load current

B. Peak operation--Battery helps generator supply current

§

' C. Normal operation--Generator supplies Jall current and recharges battery

VII.  Current flow in a basic generator (Transparency 4) -

(NOTE: The armature rotates through the magnetic field of the poles generating
voltage.)

A. Current flows from armature loop to the commutator ring
(NOTE: The left end of the armature loop is positive while the right end
. is negative.)
B. Current flows from the commutator ring through brushes to a wire
. ' connected to a load .
C. Current flows when circuit is complete

VHI. Field circuit wiring-Wire conductors are wound around the magnets {magnetic
poles) and connected to the brushes to strengthen the field (Transparency 4)

) {X. AC converted to DC current (TranspaFency 5)

A. The commutator is split in ‘two pa";ts creating a gap as the commutator
passes the brushes ‘ 5

(NOTE: This is called the static neutral point where no voltage is created.)

B. Past this point the other half of the commutator conticts the brushes
reversing the current flow .

- .
C.. At the same time the rotating armature reverses its polarity converting AC
to DC )

X. "A" and "B" generator field circuits

A. "A" generator field circuit--Current flows from the armature circuit through

. - the field to the regulator, then to gréund
—~

<

Q - o 21,’

-~

2
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. ‘B.  "B" generator field circuit-Current flows from the regulator through the
field coils to ground
* (NOTE: "B" circuits are seldom used in farm and industrial machines.) !
. X1 Functions of the generator regulator components (Transparencies 6 and 7) )
7
. A Cut-out relay--An automatic switch which closes when generator is running
for battery charging and opens when generator stops to prevent battery
) discharge >
B. Voltage regulator--Controls the amount of voltage the redulator produces
through a shunt coil and contact points controlling the strength of the
magnetic field; prevents overheating .
C. Current regulator--Controls the current flow similar to the voltage regulator
(NOTE: Both the voltage regulator and the current regulator are used hut
while one is working the other 1s not.) '
]
X, Types and uses of generators (Transparency 8) . .
A Shunt-Used as a standard generator for most normal operations
. B  Third brush--Eliminates the use of a current regulator, is relativzly easy
to change third brush position and contro! the output, and i1s used in systems
with low speed and low load requirements ’
C. Interpole--Provides a better commutation point and extends brush lfe
b
D. Bucking field--Used where there ts a wide variation of load and speed
requirements
E. Spht field-Used in systems with iow speed, but high load requirements '
- X1t Types and causes of electrical failure
A. Short circuits--Unwanted connections, usualiy copper to copper, that allow
current to bypass all or part of the circuit
B Open circuits- Breaks in the circuit which cause extremely high resistance
(NOTE: Usually no current will flow through an ogen circuit.) .
) I's
QO [31

ERIC Ly ,
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?

Grounded circuits-:Unwanted connections that bypass all or part of the
circuit from the insulated side to the grounded side

(NOTE: A grounded circuit is usually a copper-to-iron connection.)

+

High resistance circuits--Usually caused by poor or corroded connections
and frayed or damaged wires, creating greater resistance in the circuit

XIV. Reverse polarity

/
A. Generator polarity. is opposite that of the battery

B. Battery is in series with the generator

Generator builds up v_oltage and closes the cut-out relay points

High voltage can create enough current and heat to weld the points together
{CAUTION: After any service, polarize the DC generator.)

{NOTE: Pole shoe polarity is determined by the magnetisr}1 of the field

coils the last time current passed through thes&oils; a slight current through
the field coils when servicing can accidentally change pole polarity.)
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Kinds Of Charging Circuits

Voltmeter

l Ignition Switch
&3

Regulator g

GENERATOR /

6S¢-S3 :a




Parts of a Geqerator,

/

Field Coils Generator Housing

Brushes

Thru Bolts

‘ L Armature

Commutator

Drive Erid Frame

192-s3 :@
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o Stages of Chargmg Clrcun

Az
~_ \
. Generator
GENERATOR AND BATTERY
| A | _ SUPPLYING LOAD CURRENT
Load
- Generator
. ] GENERATOR SUPPLYI_NG LOAD
} . CURRENT AND CHARGING BATTERY
| » ‘ :
b ™ 3

ERIC ~ 25.;




Current Flow In Basic Generator

Magnetic Poles

Armature
(Rotating Wire Loop)

" COMPLETE PARTS OF BASIC GENERATORS THE BASIC PARTS OF A GENERATOR

Direction Of Rotation

Commutator
Load

Circuit Wires

Direction Of  Field
Current Flow

: BASIC GENERATED VOLTAGE BASIC CURRENT FLOW IN GENERATOR

]

v - <
C 220
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AC Conerts ToDC

At Static “Neutral Point”
No Voltage Is Generated

14

First Half
Of Revolution

Second Half . '| Gaps Btween
Of Revolution 1 Commutator

Halves

—aww— .
HOW THE POLARITY OF THE ARMATURE HOW GENERATOR CONVERTS

CHANGES DURING EACH REVOLUTION AC. TO D.C. CURRENT

£9¢-S3 :d
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External Generator Regulator And Cut-Out Relay

Current-Voltage Regulator

Voltage Regulator

<y

Current Regulator —

4

Cut-out Relay
Cut-out Relay

.-

CUT-OUT RELAY,

. CURRENT REGULATOR
_ AND
VOLTAGE REGULATOR

-~

CUT-OUT RELAY
CURRENT-VOLTAGE REGULATOR

/

’ . N R 3 O
4 . . * o CUT-OUT RELAY <by 3
Q '2:3\) ' o . § Q



External Generator Regulator And Cut-Out Relay

(Continued)
Cut-out Relay  Current Regulator

| ‘ Voltagé ,
Baﬁery . \ Shunt W|?d|ng / Regulator .

e L >\ ( c

Series Wlndlng

Generator

Battery

Ammeter

Re3|stances _Field
. Generator ' s T

. 262
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- ~ Types Of Generators
‘%g | ' Higher Output

Increased Voltage
Increased Current
Greater Magnetic
Strength

Lower Output

Reduced Voltage

Decreased Current

" FIELD . FIELD

Less Magnetic
Strength

\ . Bucking Field Normal Field .

L SPLIT FIELD BUCKING FIELD INTERPOLE ~ SHUNT i
2 , | ¢
RIC - 265
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GENERATOR CHARGING CIRCUITS
UNIT VII

e

JOB SHEET #1--TEST GENERATOR OUTPUT

Tools and materials

A. Generator
Battery
Basic hand tool set
Switch
Ammeter *
Voltmeter
Carbon pile
Jumper leads

Generator specifications manual
J.  Safety glasses
K. Appropriate service manual

Procedure

" (CAUTION: Remove all jewelry prior to working on any electrical system and
follow all shop safety procedures.)

A. Connect an ammeter and switch in series with a battery to the generator
output terminal (Figure 1)

FIGURE 1 " Carbon Pile Resistor

Switch

s,
0O O

Battery

Voltmeter

TESTING THE GENERATOR OUTPUT

'




JOB SHEET #1

Connect a voltmeter from the generator output terminal to ground (Figure
1)

. ﬁConnect a carbon pile across the battery (Figure 1)

Connect a jumper lead to the generator field terminal {Figure 1)
Operate the generator to obtain battery voltage and close the switch

;i‘ . .
Speed up the generator to its rated value, and adjust the carbon pile to
obtain the specified voltage

Compare the current output with the generator spegifications
Disassemble generator for further testin'g if output is below par

(NOTE: The output test shown in Figure 1 is for the common "A" circuit
generator. For "B" circuit models, a different test hookup is used.)
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GENERATOR CHARGING CIRCUITS
UNIT VII -

JOB SHEET #2-REMOVE AND REPLACE A GENERATOR

°
Tools and materials

A. Vehicle

B.  Basic hand tool set

C. Belt tension gauge ‘

D. Battery cable puller

E. Shop towels

F. Safety glasses . .

G. Appropriate servicé manual o
Procedure

(CAUTION:, Remove all jewelry prior to working on any electrical system and
foilow all shop safety procedures.)

(NOTE Always Esconnect battery ;r)ound cable before working on charging

circuits.)

A. Remove the leads from the genera.tor terminals {Figure 1)

FIGURE 1

B. Remove the generator belt adjusting bolt from the generator

2 ‘[‘\. ./ . L3




C.

D.

E.

JOB SHEET‘#Z

Move the generator toward the engine (Figure 2)

FIGURE 2

Remove the generator belt from the generator pulley

Remove the bolts holding the generator;atO/(he engine mounting bracket
(Figure 3) .

FIGURE 3

Lift the generator out of the bracket

Service the generator as required

Replace by positioning the generator in the.engine mounting bracket

Start generator retaining bolts and tighten securely

Position generator belt on pulley and move generator away from engine
to tighten belt \’ Y

Install generator adjusting bolt

g,
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. JOB SHEET #2 ;

»

L. Pry the generator away from engine to adjust generator belt and tighten
adjustment bolt

M. Check generator belt tension with a belt tension gauge and adjust to
manufacturer's specifications (Figure 4)

FIGURE 4

CHECK BELT FOR TIGHTNESS

-

Install wire leads that were removed from generator

/ (NOTE: On installations using the condenser on generator, the condenser
lead is attached to the "A" termmgy, never 'the "F" terminal.) ,
£ ’
-~

Q ‘ “ 2(‘..)




JOB SHEET #2 .
' 4

0. Polarize the generator before starting engine

4 ‘ 1. Polarize negative grounded circuit generators by holding one end
of a jumper wire against the regulator BAT terminal, and scratch
the other end of the jumper wire on the regulator GEN terminals

(Figure 5)

FIGURE 5

Jumper Wire

“A"” CIRCUIT .

2 Polarize positive grounded circuit generators by respoving the lead
from the FIELD terminal of the regulator and strike (or
momentarily touch) the F-lead to the BAT terminal of the

regulator (Figure 6)

FIGURE 6

“B" CIRCUIT "
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. ‘ ‘ GENERATOR CHARGING CIRCUITS
UNIT ViI

A

JOB SHEET #3--DISASSEMBLE, TEST, AND REASSEMBLE A GENERATOR

l. Tools and materials
A G,eneratOr '
B. Basic hand tool set
C. Growler

) . D. Test lamp or volt-ohmmeter
* E. Generator pulley puller
F. Ball bearing grease
G. Hacksaw blade -
H. Springtension gauge '
. Shop towels
. * J. Safety glasses .
| K. Appropriate service manual
. Procaedure ’

(CAUTION: Remove all jewelry prior to working on any electrical system and
follow all shop safety procedures.)

A. Disassemble generator - ‘
(NOTE: Scribe generator case before separating.)

1. Remove generator thru bolts {Figure 1)

FIGURE 1

REMOVE THRU
BOLTS
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2. Tap the generator commutator end frame lightly and remove from
housing

3. Remove the drive end frame and armature assembly from the generator
housing (Figure 2)
~

FIGURE 2 *

o
N
REMOVE DRIVE ENDYFRAME AND ARMATURE ASSEMBLY
' ‘ 4. Remove the generator brushes (Figure 3)

FIGURE 3

-

REMOVE BRUSHES
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5. Place the armature and drive end frame assembly in a vise (Figure
4) : o
_(NOTE: Use brass jaws on v'ise.) ' 1 --
7 . e
3 . X ,(
. FIGURE 4 - ’
' REMOVE PULLEY NUT
L .
6. Remove the pulley nut
7. Remove the pulley from the armature using a pulley puller as

required (Figure 5)

. FIGURE 5




/N

h)
E

Aruitoxt provided by Eic:

10.
]1;

B. Serwce and test

JOB SHEET #3 \

Slide the drive end frame and spacer columns off armature shaft

Remove armature from vise
N '

Remove bearing retainer and gasket from drive end frame

Remove drive end bearing from drive end frame

~

Clean all generator components

(NOTE: Do not wash the fields or armature with a degreasing
solvent.) -

Inspect generator drive end frame bearings for roughness or scored
races

|nspéct generator brush holders to see if they are bent or
deformed; ch erator brush springs for proper spring tension

%k fit of armatur)e shaft in bushing in commutator end frame

(NOTE: If bushing is excessavely worn, the end frame should be
replaced.) , ) s

.

Inspect armature commutator for roughness or out-of-round

(NOTE: If armature commdtator is rough or out-of- round,
should be tured or serviced on an armature turning Iathe)

Test agmature for shorts (Figurer6) )

w
a. Place the armature on a growler and turn on

b.  Rotate the armature while holding a hacksaw blade over the
armature core

(NOTE: If the blade vibrates, the armature is shorted and °
will require replacement.) .

X

Bl
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ARMATURE TEST FOR SHORTS

.

g"r 7. Test armature for ground (Figure 7)

a. Place one lead of a test lamp on the armature core or shaft

. k b. Touch second lead~to the. commutator segments OD the
.commutator A

’
c. Rotate the lead around the commutator, being certain to
touch all segments

(NOTE: If the lamp lights, the armature is groundéd and will
require replacement.)

FIGURE 7

‘ : ' ) ARMATURE TEST FOR GROUND

8. Test armature for open

a.} Place one lead on a commutator segment




Y

JOB SHEET #3 .

Place the other lead on the segment common with it

(NOTE: On a two brush generator they will be 180° apart, _
on a three brush they'll be 120° apart The light should burn

between these common segments.

Proceed around commutator until all segments have been
checked

field coil for open circuit (Figure 8)
Place one lead of a test: lamp on field terminal v

Place the other lead on the end of the field coil lead through
the armature terminal ’ .

(NOTE: If lamp does not light, the fields are open and must
be replaced.)

FIGURE 8 -7 +~

FIELD COIL TEST
FOR QPEN CIRCUIT

field coil for ground ("A" circuit only) (lilguré ¢] N
Place one lead of a test lamp on generator housing

Place the other lead on field terminal : 'Y

(NOTE: If lamp lights, the field coils are grounded and must
be repaired or replaced.) . .

FIGURE 9

FIELD COIL TEST
FOR GROUND
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JOB SHEET #3

1. Check insulated brush holder for gtound (Figure 10)
’ ’ a. Place one lead of a test lamp on brush holder
. b. Place the other lead on the generator housing

(NOTE: If lamp lights, tnsulated brush is grounded and must
be repaired.) ’ :

FIGURE 10

INSULATED BRUSH HOLDER ¥EST FOR GROUND

12. Inspect all parts for wear or damage
a*
\ 13. . Replace all damaged or worn parts . .

C. Reassemble generator

1. Pack the generator ball bearings with high melting point .ball
bearing grease

-

2. Install the ball bearing in the drive end frame

(NOTE: Make sure gasket is in place and retainer scrgws tightened

securely.) . .
A
\ , "3 Install the drive end frame and bearing assembly onto armature
€ .o shaft . oo g
. 3

(NOTE: Make sure ball bearing spacers are in place if used.)

' | /




7.

8.

7).
J o

11.

12.

JOB SHEET #3

Install ball bearing spacers, fan, pulley, and retaining nut
Tighten retaining nut securely

Install new brushes in brush holders and push brushe’s~ back against
spring tension (Figure 11)

(NOTE: If brushes are over 1/2 of eriginal length they can be
reused.) . '

FIGURE 11

-

PUSH BRUSHES BACK AGAINST SPRING

Install armature and drive end frame assembly into generator
, housing )

Release brushes so they will contact commutator
Assemble commutator end frame over end of armature shaft

Rotatd beth end frames until dowels engage, then start thru bolts

//’ 1 [
(S
-

Tigh’ten thru bolts securely J

Check ,genérator operation before re‘placing on vehicle

4

-
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GENERATOR CHARGING CIRCU
UNIT VI
y JOB SHEET #4--TEST AND ADJUST A REGULATOR UNIT )
I Tools and materials ’
A. Vehicle _ ] A
B. Basic hand tool set : -
C. Airgap gauge *
D. Riffler file or crocus cloth
. o
E. 1/4 ohm fixed resistor ‘
F.  Voltmeter
G. Ammeter
H. Variable resistor
. Safety glasses
J. Appropriate service manual -
I, Procedure
’ (CAUTION:- Remove all jewelry prior to working on any electrical system
. and follow all shop safety procedures.)
N
A. Test and adjust voltage regul?tor .
1. Measure air gap
a. Push down on the armature until points are just touching
’ r b.”~ Measure the gap between the armature and the core with proper
size gauge as specified by the technical manual
‘ ¢.  Adjust gap.as specified by technical manual (Figure.1)
\ 3 . (NOTE: Of some regulators, a screw post at the top of the unit is
adjusted to lengthen or shorten the distance.) (Figure 1)
‘Turn Contact Suppert g .
Voltage Regulator -Nut To Set Air Gap
g
~_
;/ Air Gap © *
. 3 Proper Size (Ch.eck With
’ ﬁ g Gauge ‘Points Just -
; fi - L o Touching)
| : v+ . FIGURE 1
STANDARD VOLTAGE S .
‘/ . . REGULATOR: ' POST-TYPE"VOLTAGE REGULATOR
| 4 « e "
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Test voltage setting

a. Test using fixed resistance method ’

~

1) Insert a 1/4 ohm fixed resistor into the charging
circuit at the battery terminal (Figure 2)

Regulat
eguiator 1/4 Ohm Fixed Resistance

Connect To
Ground

To Battery

Voltmeter Generator

FIXED RESISTANCE METHOD

Connect a voltmeter from the battery terminal to
ground

~

Operate the circuit for 15 minutes at specified
speed to warm it up

Cycle the generator by one of two methods:

a)’ Slow it down untit voltage drops to about 1/4
of rated value .

b) Cycle the generator by in's;r'ting a variable

resistance into the field ccuit

Increase resistance sfowly untif voltage drops to
about 1/4 of rated value

Decrease the resistance -and note the voltage
reading

Ry,
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7) Adjust the voltage setting by turning the adjusting
\ screw (Figure 3)

w - FIGURE 3

JOB SHEET #4

Adjusting Screw
(Turn To Adjust-
Setting)

VOLTAGE SETTING ADJUSTMENT .

, (NOTE: If the adjusting screw is turned to its
limits, it may be necessary to bend the spring.
support; however, do this fvedy carefully.)

8) Make final adjustment by increasing the spring
tension

(NOTE: If the setting is too high, adjust the unit
below the specified value and then bring it back °
to this value by increasing the spring tension.)

9) Replace the cover and cycle the generator after
o each adjustment and before taking a reading

b. Test using variable resistance method

1) Connect a variable resistor and an ammeter into
the charging circuit at the battery terminal (Figure .
4)

&




B.

JOB SHEET #4

Regulator

Connect To
Ground FIGURE 4

Variable

Resistance

Ammeter Voltmeter Generator
VARIABLE RESISTANCE METHOD

Checking The Voltage Setting Of Voltage Regulator

2) o
3)
4)

5)
6)

Connect a voltmeter from the battery terminal to
ground

Start generator and. adjust resistor to get a current
flow of not more than 10 amperes

Operate the generator at specified speed to warm
it up . .

P 1
Cycle the generator as in a4) above

Adjust the voltage as in a5) above

Test and adjust cut-out relay

*‘h\%' air gap |

Disconnect battery, from regulator

a.

b.

Push the
touching

L]
cut-out armature down until the points are just
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. - ' J@B SHEET #4 :

¢c. Measure the air gap between the armature and the center

) g) : of the core using a feeler gauge (Figure 5)

.
4

FIGURE 5

AIR GAP ADJUSTMENT OF CUT-OUT RELAY

d. Adigs\t the air gap

e. Raise or lower the armature Bs needed and make sure the

points are aligned » )
f.  Tighten the screws.after adjustment N
2. Check point opening and adjust by bending the armature stop &

‘ ’ - with a tool, (Figure 6)
L 4
| | ?

Armatpre Stop -
Bendjng Tool

Armature Stop

ob CWOPENING CHECK

\,/7
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3.

4

JOB SHEET #4

Check closing voltage

a. Connect voltmeter between the generator termmal and
ground (Figure 7)

Connect To Variable
Ground Resistance

1\
AN

>
T fr7rr—r

Regulator

FIGURE 7

CHECKING CLOSING .
VOLTAGE OF CUT-OUT RELAY Voltmeter Generator

2 4

b. Increase the generator speed slowly and note the relay
closing voltage —~

c. Decrease the speed and make sure the points open before
specified current flow is exceeded (with the battery
conneeted) .

-

v /} “"t

A
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JOB SHEET #4

<d.  Adjust ‘the closing voltage 1Figure 8)

Adjusting Screw | ' o walF
(Turn To Adjust o
Closing Voltage) 43
v -g J
-~ o
FIGURE 8
ADJUSTING CLOSING VOLTAGE OF CUT-OUT RELAY .
' ‘/ -
~ e. Turn the screw clockwise to increase setting
- C... Test current regl:lator
1. Test, and adjust‘ air gap as in B.1,, voltage regulator above
2. | ‘Check current setting ) 7
(NOTE®" Most current regulators have a ° temperature i
.  + compensation. For these units, make the following test by the
. "load method.") ’ - :
[ 3
a. Connect an ammeter into the charging circuit (Figure 9)
\ "Connect To Ground
Variable Resistance , g
FIGURE 9
Regulator J
Additional Load _ .
- CHECKING CURRENT . > ]
7 SETTING OF CURRENT ~ : .
REGULATOR o Ammeter To Battery Voltmeter
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JOB SHEET #4

Turn on all accessories and connect an additional load ‘across

y b.
the batter a bank of lights) to drop the system .
I voltage ab 1 volt below the voltage regulator setting .
! : ) . -
s c. Operate the generator at specified speed to warm it up
d. Cycle the generator and note the current setting
e. Adjust the setting in the same way as for voltage setting
! (Figure 3) . )
(NOTE: Before slowing down the generator, be‘ sure to .
remove the extra load. This will prevent overloading of the '
wiring.) ”
N ‘ N N .
D. Clegfl contact points ©, .
) a" P -
1. Remove upper contact support {Figure 10) . 41
'
. . ’ [ .
. o - 4 ';
. . ) , Spoon Or .
: i : " Riffter Fil¢ . f
. . ) K ) o |
.. FIGURE 10 ( |
3 “ , f ‘4 .
. o o - - o {
C e \N @f"@ ' : 5 ‘ 5
. o . ylon Support , > L !
t . € NUtS ’ - A F ‘\ :_9‘ |
' ' ' LN B T |
, ’ . . TS Upper Contact " ,, .
PO ¢ o e Support . ,
CLEANING THE REGULATOR .CONTACT POINTS B
. . - e/ V ) : 4 .
A 2. Cledn the points with a riff|eﬁr file or grocus cloth*and then wasfp
) A * (NOTE: Never use emery cloth or sandpaper to clean the contac‘; ’
points; however, No. 400 grit silicone carbide paper or cloth'may
i M "
be used.) . M
] "' 3 v .
‘) ¢ ) e
., . < 11 {)‘ 3 . b
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UNIT VII ‘ B J
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L4
3 J ’
NAME
TEST
1. Match the terms on the right with their correct definitions. " = ’
a. Series of wire conductgrs in the form of 1. Arcing ’
a loop, rotating in.a stationary magnetic ]
field . 2. Pole shoes
. . ’
b. Bars on end of armature-drive shaft and 3. Field sircuit * -
conrected to the ends of each wire conductor " 4. Regulator
. AN |
c. Permanent magnets that &re fixed to the 5. Armature - |
inside of generator housing, and set opposite
each other to create a weak magnetic field 6. Commutator |
' ' 7. Polarity o
d. One wire conductor wound around both
poles many times and attached to the brush 8. Open circuit
. e. An assembly which houses the cut-out relay, 9. g:g:{:ded .-
voltage regulator, and current regulator :
. ] . .10. Short circuit
v f. Current attempting to cross-between the '
commutator sections and the brush
g. Direction of current flow through the genera- .
tor ’ : ) |
A
h. Circuit in which a wire is broken or discon-
. nected : ‘.
i. Wire touching another wire dnd providing |
a shorter Path for currént to flow bl |
) ~ |
j. Circuit’ in which a wire| touches ground / |
N caysing the current to flow to ground instead -
of through the circuit . . +
N ™ ' v

2. State the purpose of a generatoy charging circuit.

-




Name two kinds of charging circuits.

a. 3

b. ‘ ) .

Match the names of the components in the DC charging circuit on the right with
their correct functions. - .

[

a. Starts the circuit by supplWng spark™ to . Ammeter

start engine
4 . Generator

Measures the rate of current flow _
Regulator
Supplies electrical power to accessory circuits ,
. Battery.
. Prevents overcharging of battery (voltage ’
regulator) . Voltmeter

Opens and closes the charging circuit {cut-out
relay) .

Indicates produced voltage

.. , y -
Limits the generator's output to safe rates
{current regulator)

Helps out during peak operation whef electri-
cal loads are too much for generator or
alternator

-~

i. Recharges batte;y

Identify the major parts of a generator.

a.

b.
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concerning the three operating stages of a charging circuit
appropriate blanks. 7

Select true statemen
by placingan " X" in't
a. Starting--GeneratoPsupplies all load current

b. Peak operation--Generator helps battery supply current .

c. Normal operation--GenFrator supplies ‘aH current and recharges battery

Arrange in order the steps in which current flows in a basic generator by placmg
the correct sequence number in the approprlate blank.

a. Curre% flows when circuit is complete } .

b. .Current flows from armature loop to the commutator ring

c. Current flows fyém the commutator ring thre?gh brushes to a wire con-

nected to a loa <
¢

Explfk\how a field circuit is created in a generator.




10.

11.

L7

12.

ERIC

Aruitoxt provided by Eic:

‘u b

Complete the following list of staterﬁerfts concermng how a generator converts AC to
DC current.

a. The commutator is split in two parts creating a gap as the commutator passes ,
the brushes

b. Past this pbint the other half of the commutator
\'

c. At the same time the rotating armature

.

Dlstinguish between an "A" generator fneld cnrcunt and a "B" generater circiNt by
placing an " X" next to the description of an "A" generator field circuit.

a., Current flows from the regulator through the field coils to ground

b. Current flows from the armature circuit through the field to the regulator,
then to ground .

v

Match the.names of the generator regulator components on the nght with their correct

_functnons , .

a. An automatic switch which closes when 1. Voltage
generator f{s running for battery charging regulator
and opens when generator stops to prevent i
battery discharge . ) 2. Current

regulator

b. Controls the amount of voltage the regulator
produces through a shunt coil and contact 3. Cut-out
points controlling the strength of the magne- relay

tic field; prevents overheating

c. Controls the current flow snmnlar to the \
voltage regulator

»

Match the types of generators on the right with their uses.

a® Used®s a standard generator for most normal lit field
operations’ .
. ]

. 2. |Interpole
b. Eliminates the use of a current regulator,
is relatively easy to change third brush posi- 3. Third brush *
tion and control the output, and is used in _ )
systems with on speed and low load require- 4. Shunt ~
5

‘ments
Bucking field

c. Provides a better commutation point and
. extends brush life ) ]

' d. Used_where there is a wide variation of P
load and speed requirements :

e. Used in systems with low speed, but high
load requirements , -
. ) c




o -

14.

o -

®
A

ERIC

Aruitoxt provided by Eic:

Match the types of electrical failure on the right with. their causes.

Select true statements concerning reverse polarity by placing an "X

blanks.

a.

b.

C.

d.

Unwanted connections, usually copper-to-
copper, that allow current to bypass all
or part of thesgircuit

Breaks in the circuit which cause extremely
high resistance

Unwahted connections that bypass all or
part of the circuit from the insulated side to
the grouhded side

Usually caused by poor or corroded connec-
tions and frayed or damaged wires, creating
greater resistance in the circuit

Generator polarity is opposite that of the battery

Battery is in series with the generator

I3

1.
2.
3.

Open circuits
Grounded circuits

High Tesistance .
circuits ’

.- Short circuits

-

" In the apprdpriate

Battery builds up voltage and closes the cut-out relay points

High voltage can create enough current and heat to weld the points together
. \

Demonstrate the ability to:

a.  Test generator output.’

b. Rémove and replace a generator.

c. Disassemble, test, and reassemble a generator.

d. Test and adjust a regulator unit.

(NOTE:

your mstructor when they should be completed.)

5

If these activities have not been accomplished prnor to the test, ask
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~ ' GENERATOR CHARGING CIRCUITS S |

ANSWERS TO TEST : |
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operation of the engine

The generator charging7circuit recharges the battery and generates.current during

Direct current
Alternating current

N

oo

00T
WWN =~
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Pulley

Fan ,
Drive end frame
Generator housing
Field coils
Commutator

Thru bolts
Brushes

Armature

TT@E s@ 00T

(9]

a.
b. 1 .
c. 2° -

. Wire conductors are wound arou
the brushes to strengthen the field

UNIT VII

{

R,'

nd ‘the magnets {magnetic poles) and connected to

b. Contacts the brushes reversing the current flow

c.  Reverses itspolarity converting AC to DC




ab,d . .
c
Performance skills evaluated to the satisfaction of the instructor
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ALTERNATOR CHARGING CIRCUITS
. UNIT VI

¢ _/EJNIT OBJECTIVE

'

After completion of this unit, the student should be able to identify the tomponents
of an alternator,match the components with their correct functions, and distinguish between
an alternator and a generator. The student should”also be able to disassemble, test, and
reassemble an alternator. This knowledge will be evidenced by correctly performing the
procedures outlined in the job sheets and by scoring 85 percent on the unit test.

SPECIFIC OBJECTIVES

* ‘ as

After completion of this unit, the student should be able to: S

2
.

1. Match terms related to alternator charging circuits with their correct definitions.
2. State the purpose of the alternator charging circuit.

3. Match the names of the, alternator charging circuit components with their correct

functions. . '
“ {

4. ldentify the major parts of an alternator.
5. Distinguish between an alternator and a generator.
6. List two advantages of an alternator as opposed to a generator.
7. Explain why an alternator produces more current at low speed than a g’enera'tcir.
8. Discuss the construction ofls)tator windings.,

. 9. Discuss ‘how‘an alternator is controlled by a regulator. .

10. Select true statements concerning brushless alternators.

\ 11. Select true statements concerning the operation of a brushless alternator. _
”
12. Match the component parts of a transistorized regulator with their correct func-
tions.
13. Select true statements\concerning the 5peration of a transistorized regulator.
14, List safety rules for working with alternator charging circuits. v
' - A
15. Demonstrate the ability to: \ Q
Y , . \
Na.  Test the alternator charging circuit and regulator. ; .
. .
/
s
O I
d E’ lt .

ERIC

Aruitoxt provided by Eic:
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" ERIC

} Aruitoxt provided by Eic:

¥ od

2

Remove and replace an alternator. »
Disassemble, test, and reassemble an alternator.

Test and repair a transistorized regulator.
L} ,
Test an alternator with an |.C. regulator. “

S

@ - -
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ALTERNATOR CHARGING CIRCUITS
UNIT VI

SUGGESTED ACTIVITIES

Isroyide student with objective sheet.

Provide student with infermation and job sheets.

Make transparencies. .

Discuss unit and specific objecti\{féé:

Discuss information sheet.

Demonstrate and discuss the procedures outlined in the job sheets.
Demonstrate diode removal procedure.

Disassemble a brushless alternator.

Review safety precautions on electrical systems.

. 3
Give test. é«;’j

INSTRUCTIONAL MATERIALS

- Included in this unit:

A. Objective sheet
B. Information sheet
C. Transparency masters
1. TM 1--Alternator Charging Circuit Components
TM 2--Alternator Circuit Schematic
TM‘3--Parts of an Alternator
TM 4--Parts of an Alternator (Continued)
TM 6--Differences Between an Alternator and Generator
TM 6--Stator Winding Construction

TM 7--Brushless Alternator Construction

® N o o A W N

TM 8--Brushless Alternator Schematic -

o
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D.

E.

F.

Job sheets

]

3 . , .
1. Job Sheet #1--Test the Alternator Charging/ Circuit and Regulator

.

2. Job Sheet #2--Remove and Replace an Alternator

3. Job Sheet #3--Disassemble, Test, and Reassemble an Alternator

Y-

4. Job Sheet #4--Test and Repair a Transistorized Regulator
5. "Job Sheet #5--Test an Alternator with an {.C. Regulator
Test P v

Answers to test

References:

A.

Fundamentals of Service: Electrical Systems. Fourth Edition. Moline, IL:
Deere and Company, 1979.

Stockel, Martin W. Auto Service and Repair. Homewood, {L: Goodheart-
Willcox Company, 1969.

Bill.iet, Walter E., and Leslie F. Goings. Aultomot/'ve Electrical Systems.
Third Edition. Chicago,: American Technical Society, 1970.

Toboldt, William K., and Puruis, Jud. Motor Services Automotive Encyclo-
pedia. Homewood, | L: Goodheart-Willcox Company, 1965.

Dagel, John F. Diesel Engine Repair. New York: John Wiley _and Sons,
Inc., 1982, ‘ —~—

1

Foutes, William A. Diese/ Engine Mechanics. Stillwater, OK: Mid-America
Vocational Curriculum Consortium, 1977. ’
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ALTERNATOR ¢CHARGING CIRCUITS
UNIT VI

X
INFORMATI@N SHEET

‘Terms and definitions , ' .

\
A. Rotor--Wire coil wrapped around an iron core and mounted on a rotating
shaft

(NOTE: The rotor assembly does the same job for the alternator as the
field coil and.pole shoe do for the gererator; however, the rotor assemb|y
revolves.) i

D
- - . -

B. Stator-Laminated soft iron ring with three groups of coils

(NOTE: The stator assembly does the same job as the armature in a gener-
ator; however, the stator is fixed-while the armature turns.) »

C. Diode-Device that allows current to flow in one direction and blocks current
in opposite direction

.

D. Slip rings-Metal conlluctors in the form of a ring, fastened to each end
“of coil and mounted on rotor shaft

(NOTE: CuTrent flows through the regulator, through the insulated brush
through one slip ring into the coil, and out through the other slip ring.
and the other brush to ground.)

E. Short circuit-Wire touching another wire and providing a shorter path for
current to flow

F. Open circuit--Cfrcuit in which a wire is broken or disconnected

G. Grounded circuit--Circuit in which a wire touches ground causing the current
to flow to ground instead of through the circuit

H. Transistorized regulator Fully electronic unit composed of resistors, diodes,

zener diode, transistors, aWtor

l© Heat sink--Dissipates heat from diodes

(NOTE: High ampere alternators often use finned diodes for better heat
removal.) .

J.  Brushless alternator--An alternatOT’ that has neither slip rings nor brushes
(Transparency 7) -

(NOTE: Some brushless alternators_are sealed units cooled by engine oil.) -

K. Potentiometer--Acts as a voltage divider or vo|tage adjustment «

" Purpose’of the aiternator chargmg curcunt -The alternator charging circuit recharges

the battery and maintains a supplyof electrical current to meet theoperating needs
of the equipment .

-
[y




INFORMATION SHEET |

\JII. Alternator éharging circuit components and functions' (Transparencies 1 and 2)

A. Battery
1. Startsthe circuit by supplying spark to start engine

2. Help’s out during pdak operation when ettctrical load is too much for
+ alternator . ’

3. Stabilizes system voltage
B. Aiternator
1. Supplies e/lectrical power tO accessory Circuits
2. Recharges battery :
-
Regulator--Limits the alternator voltage to a safe, preset value
D. Ammeter--Measur‘es the rate of current flow
E. Voltmeter--Indicates produced voltage .
w
F. Igdicator Iights--lhdicates problems in system; used in pl&e of a meter
V. Major parts of an altetnator (Transparencies 3 and 4) ‘ ~
Drive end frame
Rotor assembly
v

Ship ring end frame

Diodes

A.
B.
C. Stator assembly
D.
E
F

Brush assembly

Pulley

. . x N
Differences between an alternator and generator {Transparency 5)
»

- A. Alternator -
1. Rotates the field inside the stationary windings

2. gRectifies the AC current to DC with a series of diodes

B. Generator '

*

c

1.~ Rotates theﬁwmdings (armature) inside the field

2, Rectifies AC current to DC through the use of a segmented commu-
tator and brushes ) o

I) 4
< 1
- 0J

Y
Fhea o,




VI,

b ' ; Vi,
VIt

IX.

~ I X.
XI.

ERIC

INFORMATION SHEET ¢ .

. . .

Advantages of an alternator as opposed to a generator

‘A.  Produces higher output at lower engine speeds

\ .
B. Simplicity in construction requires less maintenance and space

Why afltérnator produces more current at low speed than a generator--Alternator
has more pole pieces than the generator so that many more magnetic lines of
force arecut during one revdiution of the rotor

(NOTE. The alternator usually has fourteen pole pieces and the generator usually
has two.) ’

Construction of stator windings--Windings hav®hree phases or groups of windings,
with each ,winding connected to a positive and negative diode (Transparency 6)

Control of alternator by regulator--Regulator places a resistance in the field circuit
which reduces current flow to the alternator rotor

(NOTE: No current régulator is needed, since the alternator limits its output by
setting its own opposing field during operation.)

Brushless alternator (Transparency 7)
High mileage unit S
Used, on both gasoHné,pnd diesel engines

Regulato’;‘ compartment can be vented for increased capability

]

Has extra large grease reservoirs

«

Has extra large lip seal to keep grease in and dirt out

A

B

c

D. Uses large hearings at both ends '
E

F

G Regulator‘compartment is air tight

H

Designed to operate between engine overhauls without attention

Operation of a brushless alternator (Transparency 8)

A. To generate voltage in the stator windings, it is only necessary for the rotor.
to cause alternating north and south magnetic lines to cut across the stator

windings
B. The field coil is mounted to the end frame

C. The rotor is mounted on bearings and fits between the stator and field
coil

D. The field coil produces a north pole at the right hand side of the coil

3U} &z
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G.

Component parts of a transistorized reguiator and functions ‘

A

INFORMATION SHEET

Magnetic lines crdss the air gap between the field coil and rotor to make all
the right hand rotér potes-all north poles 4

The non-magnetic lines of forcé cannot go- through the non-magnetic ring
directly; instead they pass through the ar gap into the left hand south’
magnetic poles of the rotor, the magnetic jines then cross the air gap be-
tween the rotor and field coit and then into the field coil to complete the
magnetic path

The non-magnetic ring has diverted the magnetic field into the stator wind-
ings, and as the rotor turns, AC voltage is generated in the stator windings

T

Resistors--Devices made of wire or carbon which produce a resistance to
current flow .

Y .
Zener diode--Diode connected in a reverse bias, which will conduct a reverse
current beyond a predetermined volitage

Transistor--Semiconductors which control the flow of current by either
allowing it to flow or stopping It ‘

. \
Thermistor--Temperature-compensated resistor whose degree of resistance
varies with the temperature

(NOTE. It controls the zener diode so that @ higher system voitage is pro-
duced in cold weather, when needed.)

Operation of a tsansistorized regutator

A

B

~ .
Allows battery current to excite the alternator fieid coils

Controls charging voltage at safe values during Bperation

Safety rules for working with alternator charging circuits

A
B.

. ‘4
Never attempt to polarize the circuit

Be sure the battery 1s in good operating condition before making any tests or
adjustments .

Never operate the alternator in an open circuit, except whén instructed
in the technical manual

Never short or ground the alternator te¢kminats
Do not disconnect the voltage regulator while the alternator s running

Disconnect the negative battery ceble first when removing the alternator
or battery

Do not use acid-core solder, on the alternator terminals; use only a rosin-core

solder
3}

Never immerse the circuit components n cieaning sofution
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-Alternator Charging Circuit Cdmponents. - '
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Ignition Switch
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~ Alternator Circuit Schematic

Negative Diode Plate ~ -

- N o’ Sta’tor
. , R *  (round
Neutral JUQC'[IOH
| o ———— = e , :F C_gpacitor
, ‘
]
; v
L]

— . Battery

-Positive Diode Plate
~Negative Diode Plate . ‘, o
' s s o tator *

- Ground

- Caﬁacitor

Sruns —e Battery -
Positive Diode Plate

§1£-53 :d



. e
¥ .
.
. .
. .
‘- |
‘ . -
. \
.
.

g S-tator.Assemb”ly
Drive End Frame |

Brushs_ 1 |
Assembly = '
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Parts of an Alternator
v 7 o (Continued) - ,
Brush Terminal
. & Insulatc
Rear-end _ nodator Rectifi '
Housing - | . . ectimer Front
' Rotor Bearing
Rear Brushes
Bearing Bearing
Retainer
| \
e g// | O @ \ .
Terminal * Brush Radio
Insulators Springs  Syppression
| Thru : Capacitor " Bearing
Bolts Spacer Fan
Brush
Holder / Front Housing
I ‘ N
0 . . 303
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Differences Between an Alternator and Generator

Direction gf Current

DC Generator

Full Tt Provided by ERIC.
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- Stator Winding Construction .

Al

Stator 6-Diode Rectifier Stater . 6-Diode Rectifier

‘ ]
Py
- .
'

DC Qutput .~ [ .DC Output

d

| =
Battery : : 2 . Battery

‘»-

'DELTA-CONNECTED STATOR WINDINGS “Y.CONNECTED STATOR WINDINGS

315
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‘Brushless Alternator Construction

Generator  Stationary Field Coil
T-R Rectifier Extra-Large Rectifier (Brushless Construction)
Bridge Grease ‘Bridge : :
Steel Bushihg

Reservoir )
24-Volt Output ’ #_%/with Locking Thread
Terminal, , . :
: \ ' < ‘ BI Lip Seals
. - \ 7
& ;ﬁ

J

)|

|

_JJQL’aby‘rinth Seal
Integrated Heaw-DuF 4 Steel . Heavy-Duty
' iy Circuit Roller Bearing t—r—Mounting Ball Bearings
. Transformer Rectifier Regulator  with Lip Seal Bushings *
"“for 24-Volt Starting ’ Extra-Large
- . g . Adjustable Bushing ~ Grease Reservoir
' 314 ' - : 2
5 | | 315 4
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UNIT VI

-

< JOB SHEET #1--TEST THE ALTERNATOR CHARGING CIRCUIT
AND REGULATOR

l. Tools and materials

A. Vehicle

‘ ALTERNATOR CHARGING CIRCUITS

B. Basic hand tool set
C. Voltmeter

D. Ammeter

E. Variable resistor
F. Jumper wire

G. Safety glasses

I Procedure

(CAUTION: Remove all jewelry prior to working on electrical system and follow
all shop safety procedures.)

. A. Perform test no. 1 ' /

1. Connect the voltmeter across the regulator terminal and ground termi-
nal (Figure 1) .

PS

FIGURE 1 | o

Alternator

Ground
Jermmal

Regulator ~ :\_E L
Terminal utput Voltmeter

Terminal

VOLTMETER TEST CONNECTIONS
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B.

C.

FIGURE 2

Regulator Terminal _,/‘- Iy ——

JOB SHEET #1

2. With the engine, ignition key switch, and accessories off, the voltmeter
should read less than 0.1 volt

(NOTE: A high reading indicates a shorted isolation diode or ignition
key switch.)

Perform test no. 2
1. Turn the ignition key switch on

(NOTE: This test should be conducted under the same conditions
as test no. 1.) .

2. -Read the voltmeter: it should be between 2 and 3 volts

(NOTE: A high reading could be caused by a high resistance in the
alternator field, defective brushes, or a defective regulator. A low
reading might indicate a shorted alternator field, a defective regulator,

or an open circuit.)

Perform test no. 3

1. Leave the voltmeter connected to the ground terminal and regulator
terminal of the alternator (Figure 2)

Regulator

Ground

? ‘W Terminal

Output
Voltmeter

VOLTMETER CONNECTIONS

4
2. Keep the engine running and the key switch on, but all accessories off;
the voltmeter should read more than 15 volts

3. Move the voltmeter lead from the regulator terminal to the output
terminal; the voltmeter should read 1 volt less

(NOTE: If the regulator terminal voltage is correct and the output
terminal is the same as battery voltage, then the isolation diode”is

open.)




.
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JOB SHEET #1 v

g

s
D. Performtestno. 4 . .

(NOTE: This test is usually performed if test no. 2 indicated a malfunction.)

1. Turn the engine and switch off, then disconnect the regulator-to-
alternator fisld terminal wire (Figure 3)

FIGURE 3

o~

Field Terminal

Output
Terminal
Ammeter

DO NOT ALLOW
REGULATOR TO
GROUND OUTPUT
TERMINAL OR

RIS ISOLATION DIODE

Green Wire Disconnected

g AMMETER CONNECTIONS
(NOTE: Let the regulator hang on the wires connected to the regulator
and ground alternator terminals. Be very careful in how the regulator
hangs. Do not allow it to ground on the output terminal.)

Connect the ammeter in séries with a variable resistor to the field
terminal and output terminal

Read the ammeter; with all resistance eliminated, it should read 2.0 to
2.5 amps with the alternator cold

(NOTE: A high reading indicates a shorted field winding or brushes.
A low reading means a high resistance in thg brushes or slip ring,
or an open circuit in the field windings.)

3/,1]




JOB SHEET #1

E. Perform testno. 5

|

. |

1. Connect the voltmeter and jumper wire (Figure 4) |
- L ‘

|

FIGURE 4

Field Terminal

Jumper Wire

LW

Regulator
Disconnected
DO NOT ALLOW
.REGULATOR TO

GROUND OUTPUT
TERMINAL OR

LR ISOLATION DIODE

JUMPER WIRE AND VOLTMETER CONNECTIONS

2. Run the engine at a specified speed
Example: 800 rpm
3. Read the voltmeter; it should give a reading of 15 volts l _D

(CAUTION: Do not allow voltage to go above 16.5 volts.)

»

(NOTE: If this test proved to be satisfacory, but test no. 3-voltage was

’ below specifications, the regulator is probably at fault., If this test
voltage was low, but tests no. 2 and 4 were satisfactory, the alternator
is probably faulty.)

.-

F. Test wiring resistance >

(NOTE: If the alternator and regulator operate properly, check the wiring.)

1. Make a quick visual check of the lead connections and wires
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#‘ L . JOB SHEET #1 '

2. D?sconnect battery ground cable, then disconnect alternator output
wire and connect ammeter (Figure 5)

FIGURE 5

Indicator Lamp Regulator

Starter Alternator
Switch )

Starter
Solenoid

‘ 12-Volt ¥
Battery : Ammeter

' WIRING TEST POINTS

3. Connect ground cable and run engine to obtain a 10-amp charging

rate !
»

4. Check the voltage, with a voltmeter, at different points (Figure 2)

5. The voltage between these points should be as follows:

¢ Test Points Max. Voltage
A-C 0.3 volts
B-D 0.3 volts
B-E 1.3 volts

6. Disconnect battery ground cable to prevent accidental grounding while
connecting the alternator output terminal wire

7. Reconnect battery ground cable

(NOTE: A high reading indicates a high resistance in the wiring or

) |

’ . components.) .

| ,
i .

)
OO
oo




JOB SHEET #1

-

G. Test regulator

1. Connect the voltmeter (Figure 6)

- (NOTE: Use an accurate voltmeter, one that will measure to within
. plus or minus 0.1 volts.)

“w . 4

. FIGURE 6 ) ) '

Alternator

Ground
Terminal

Regulator
Terminal

Voltmeter

' : Output
Terminal

REGULATOR TEST CONNECTIONS

2. Run the engine to obtain a 10-amp charging rate for about 15 minutes
to stabilize the regulator temperature T

3. Measure the regulator temperature about one inch from the regulator
and check the voltmeter reading

! 4. Compare the reading with manufacturer's specifications

(NOTE: If the voltage is not within limits, the regulator is faulty.)
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JOB SHEET #2--REMOV}E AND REPLACE AN ALTERNATOR
> S I.  Tools and materials . \ ¥
. A. Vehicle
v
B. Basic hand tool set ) \/-
C. Belt-tension gauge .
D Bat'tery cable clamp removal tool
E. Shop towels
F. Safety glasses
G. Appropriate service manual
. g \?«—-\
i Procedure '
' (CAUTION: Remove all jewelry pr|or to working on electrlcal system and follow
all shop safety procedures.)
A. Remove battery ground cable ) (
B. Remove wire leads from alternator e
’
(NOTE: The battery lead on the alternator will be dangerous to remove
unless the battery ground cable has been removed from the battery. Alter-
nator leads should be tagged for replacement.)
’
C. Remove the alternator belt adjusting bolt
/ { D. Move the alternator toward the engine
E. Remove the alternator belt from the alternator pulley




oo = . JOBSHEET #2 _

4

F. Remove the bolts holding the alternator to the engine mounting bracket
(Figure 1)

FIGURE_ 1

REMOVE BOLTS HOLDING ALTERNATOR
TO ENGINE MOUNTING BRACKET

G. . Lift the alternator out of the bracket

H. Service alternator as required

I Positionﬁthe alternator in the engine mounting bracket to replace
J. Sta‘rt a|te°rnator retaining bolts and tighten secuPgly

K. Position alternator belt on pulley and move alternator away from engine
to tighten belt ’

L. Pry the alternator away from the engine to adjust the alternator belt tension

(NOTE: Use caution when adjusting, the’ alterrtator belt to avoid damaging
the alternator. Refer to manufacturer's recommendations for tightening

procedures.) A

M. Install the alternator adjusting bolt

320
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‘ JOBSHEET #2  ~ : . - .

1

N. Check alternator belt tension with a bat tension gauge and adjust to manu-
facturer's specifications (Figure 2) . . f

(NOTE: The alternator belt must be adjusted prober|y.) -

FIGURE 2

O. Install wire leads that were removed from the alternator and tighten securely

P. Install battery ground cable . .
b L

(NOTE: Never attempt to polarize an alternator.) I

Bl - <
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" A. Disassemble alternator

D: ES-339

ALTERNATOR CHARGING CIRCUITS ,
UNIT VI v

JOB SHEET #3--DISASSEMBLE, TEST, AND REASSEMBLE

}\ AN A\LTERNAT‘DR
Tools and materials .
Alternator
Basic hand tool set
Alternator pulley removal tools *
Alternator diode remov'al equipment
Alternator testing equipment
Torque wrench

-
'l

Shop towels

r o mmo O ® >

Safety glasses
.  Appropriate service manual

Procedure

(CAUTION: Remove all jewelry prior to working on electrical system and follow
all shop safety procedures.)

1. Scribe the alternator before disassembly (Figure 1)

FIGURE 1 .

v

Scribe Alternator

" 2. Remove thru bolts holding the end frames together

3

Is

32

4




3.

<

5
6
7.
8
9

JOB SHEET #3
Pry at bolt locations to separate the drive end frame from the
slip ring end frame (Figure 2) - g

(NOTE: Be sure stator stays with slip ring end of frame.)

FIGURE 2

Remove the slip ring end frame and stator (as an assembly) from
" drive end frame and rotor assembly

Remove the three stator lead attaching nGts
éeparate stator from slip ring end frame

Remqve screws, brushes, agpd brushholder assembly
Remove heat sink from end frame

Remove pulley retaining nut (Figure 3)

FIGURE 3
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JOB SHEET #3

10. Remove pulley and fan using pullers as required .

11. Remove rotor and spacers from end frame assembly

12. Remove drive frame bearing retainer and bearing from drive end
frame

) ‘ - /

_B. Service and test alternator

1. Wash all metal parts except stator, diode, and rotor assemblies
2. Clean bearings and inspect for pitting or roughness

3. Replace bearings as required

4, Inspect rotor slip rings

(NOTE: The slip rings should be clean and free of scratches.)

5. Service as required
8. Inspect brushes for wear -
7. Replace brushes as required

8. Test the rotor for grounds (Figure 4)

a. Connect one lead of a test lamp from either slip ring to
the rotor shaft

b. Observe test light

(NOTE: If test lamp lights, the rotor is grounded.)

FIGURE 4

TEST ROTOR FOR GROUNDS

. 32‘9




JOB SHEET #3

Test the rotor for open circuit (Figure'S)

a.

FIGURE 5

Connect one lead of a test lamp to one slip ring and the
other lead to the' remaining slip ring

(NOTE: Test on side of rims to keep from damaging
surfaces.) '

Observe the test lamp

(NOTE: If the test lamp does not light, the circuit is open.)

TEST ROTOR FOR OPENS

« 10. Test the rotor for short circuit (Figure 6)

a.

FIGURE 6

Connect a twelve-volt battery and ammeter in series with
the two slip rings

Read the ammeter

(NOTE: An ammeter reading above specified field amperage
draw indicates a short circuit. Refer to manufacturer's

s specifications.)

JQ.J
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.

© _ JOB SHEET #3

11. T\est the stator for grounds (Figure 7)

(NQTE: Stators can be checked for ground only through output
. tests.) ’

a. - Connect one lead of a test lamp to-the stator frame

. b. Connect the other lead to any stator lead

. (NOTE: If the lamp lights, the windings are grounded.)

FIGURE 7 » o\ \

TEST STATOR FOR GROUNDS

12. Test the stator for open circuit (Figure 8) \
> (NOTE: This test will not work on a delta wound stator.)
. a. Connect a test lamp between each pair of stator leads .
b. Observe the test lamp ‘
/ (NOT)E: If test lamp fails to light, the stator windings.are '
open.

FIGURE 8




JOB SHEET #3

Test* heat sink diodes

(NOTE: If a test lamp s used instead of an ohmmeter, voltage
should be 12 volts or less.)

a. Zero ohmmeter if used
(]

b. Test positive diodes (Figanre 9)s

1) Touch one lead or probe to—posi%e heat sink

2) Touch one lead to stator lead terminals one ata
time

3) Reverse leads to check flow in opposite direction

~

FIGURE 9

Diqde Tester

Set Selector At 10

Contact Each Terminal Contact Heat Sink

DIODE TEST




BRUSHES IN POSITION

/ D: ES-345
-

JOB SHEET #3

] AN

Test the end frame diodes .

14,
< a. Connect one lead of a’twelve-volt test lamp to end frame
b. Connect the other lamp lead to the diode lead
(NOTE: If lamp lights in both directions or fails to light
at all, the diode is defective.)
c. Replace any parts found defective
d. Replace any diodes found defective
NOTE: Use proper diode removal and replacement tools,)
15. Reblace slip ring end frame bearing assembly, if grease supply
is exhausted
(NOTE: Make no attempt to relubricate and.reuse bearings.)
16. Repack drive end bearings with proper lubricant
C. Reassembie alternator —
1. Assemble heat sink to end frame ‘
2. I1r(1)s)tall brush holder and brushes into slip ring end frame {Figure
(NOTE: Insert a pin or wire throdgh the hole to hold the brushes
in the holder.)
FIGURE 10 e i
s ,

\

*

|

Brushes

IR
N RN

N




10.
11.
12.
13.

JOB SHEET #3 ‘

Install stator assembly in slip ring end frame and locate diode connec-
tors over the relay, diode, and stator leads

Install and tighten terminal nuts securely

Install bearing in drive end frame

Install rotor in drive end frame ' l C
Install fan, spacer, pulley, and retaining nut

Tighten nut to manufactu@'s specifications

Assemble slip ring, end frame, and stator assembly to drive end frame
and rotor assembly '

(NOTE: Align end frames by referring to scribe marks put on during
disassembly.) =

Install thru bolts in the end frame assembly

; P
» | 4
Tighten bolts securely :
Remove wire holding brushes in' place .
Check alternator operation

-

(NOTE: The brushless alternator checks are made in the same manner,

s except for the regulator which requires a special tester.) .
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ALTERNATOR CHARGING CIRCUITS
. UNIT VIEF
& JOB SHEET #4--TEST AND REPAIR A TRANSISTORIZED REGULATOR
I Tools and materials
€ s
A. Vehicle ) .
B. Basic hand tool set
C. Voltmeter
D. Carbon pile resistor - -
E. Ammeter
F. Jumper wire
G. Safety glasses -
. H. Appropriate service manual
i Procedure ’
| 4
) (CAUTION: Remove all jewelry prior to workmg on electrical system and follow
all shop safety procedures.)
(NOTE: For a particular test procedure always follow the equipment technical
manual.) .
A.  Test regulator voltage ,
(NOTE: This test can be performed either on or off the machine. Use an
alternator that is known to be in good repair.) .
1 Set up the test circyit (Figure 1)
FIGURE 1
Regulator Carbon Pile Resistor
v N p
‘ o~ ,\
A -+ J\ \
Voltmet‘er 12-Volt
Battery
Jumper Wire
= Ammeter
VOLTAGE TEST FOR TRANSISTORIZED REGULATOR
2. Connect a voltmeter to the alternator ground and output terfinals
(Figure 1)
. (NOTE: Be sure to use a voltmeter with an accuracy within 0.1 volts.)




7.

JOB SHEET #4

4

Start the engine, momentarily connect jumper wire to excite the
field, and apply a load of about 10 amperes (use lights, motors,
carbon pile resistors, etc.)

-
Operate the circuit for about 15 minutes to stabilize the
temperature of the regulators .

Measure and record the temperature about-one inch from the
regulator case

Compare the voltmeter reading with the voltage specifications
listed in the machine technical manual

Adjust the reading for the temperature recorded above

-

B. Adjust and repair transistorized regulator

1.

J
Use adjusting screw to change the operating voltage for different
conditions

(NOTE: This may not be used on some transistorized regulators.)

1

Since most transistorized regulators are sealed units, rep‘air by
replacing if they are found faulty

(NOTE: This type of regulator is usually more reliable than other
kinds.)
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' ALTERNATOR CHARGING CIRCUITS
, UNIT VI ®

-

JOB SHEET #5--TEST AN ALTERNATOR WITH AN I.C. REGULATOR

\
[

Tools and materials

Vehicle / @

A.

B. Voltmeter \ )

C.  Ammeter 0-75 amp rating or higher .
D. Carbon pile

E. Screwdriver

F. Clean shop towels -

G. .Basicshop tools -

H. Appropriate shop manual .

Procedure ‘ : ,

(CAUTION: Remove all jewelry prior to working on electrical system and follow
all shop safety procedures.)

(NOTE: Before testing, all accessories must be turned off and if blower motor
runs at all times the lead from it should.be disconnectqd.)

A.

B.

“Check and adjust belt tension

(CAUTION: Disconnect battery ground cable to protect test instruments
while hooking them up.) | ‘

Disconnect the battery terminal lead from the alternator

. , D: ES-349
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F.

FIGURE 2

JOB SHEET #5

Connect the ammeter to the battery terminal and wire that was on the
alternator (Figure 1)

FIGURE 1

ql O SIS SSSSY \%
TS

S S S S AN S N S IS SN

Test
Ammeter

Generator

Start the engine and run up to test rpm
" —
(NOTE: Refer to manufacturer's recémmended rpm.)

Use a small screwdriver and insert it in the D shaped hole in back of alter-
nator and ground the small tab to the alternator housing (Figure 2)

Insert Screwdriver

Note the ammeter reading; it should be within 10% of specified output

‘
]
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. _ “ ALTERNATOR CHARGING CIRCUITS )
UNIT VIl
) 2 . ]
) NAME
PesT

1. Match tern;s on the right with their correct definitions.

a. Wire coil wrapped around an iron core and 1. Open circuit

mounted on a rotating shaft )
2. Potentiometer

b. Laminated soft iron ring wth three groups L
3. Transistorized

of coils
regulator
c. Device that allows current to flow in one 4. Brushless
- direction and blocks current in opposite alternator
direction . A .
b. Stator

€«

d. Metal conductors in the form of a ring,
fastened to each end of coil and mounted 6. Heat sink
on rotor shaft

7. Grounded

e. Wire touching another wire#and providing circuit
a shorter path for current to flow
‘ . P 8. Short
e . . . circuit
f. Circuit in which a wire is broken or discon- : s
nected . ’ 9. Slip rings
> g. Circuit in which a wire touches ground 10. Rotor
causing the current to flow ‘to ground instead
v of through the circuit 11. Diode Al N
h. Fully electranic unit composed of resistors,
diodes, zener diodes, transistors,, and therm-
istor
/
i. Dissipates heat from diodes ’
j. An alternator that has neither slip rings nor
brushes . i .
L
k. Acts as a voltage divider or voltage adjustment '

2. State the purpose of the alternator charging circuit. - *




Match the alternator charging:circuit components on the right with their correct

functions.

Starts the circuit by supplying spark to
starh engine, helps out during peak operation
when electrical foad is too much for alter-
nator, and stabilizes system voltage

b. Measures the rate of current flow

c. Supplies e|ectricaf‘§c{v~ to accessory circuits
and recharges battery

’

d. Indicates produced voltage

val}ef
f. Indicates problems in system; used in place of
a meter ;

Identify the major parts of an alternator.

e. Limits the alternator voltage to a safe, .preset

’(4/

1.
2.

~

‘Indicator lights

Ammeter
Alternator
Regulator

Battery

Voltmeter

A
___
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Aruitoxt provided by Eic:

10.
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: -

Distinguish between an alternator and a generator by placing an "X" next to the
descriptions of an alternator.

a. Rotates the field inside the stationary windings -

b. Rectifies AC current to DC through the use of a segmentéd commutator
and brushes

-
.

c. Rotates the windings inside the field -

d. Rectifies the AC current to DC with a series of diodes

iy

List two advantages of an alternator as opposed to a generator.

a. ‘ -

b.

Explain why an alternator produces more current at low speed than a generator.

Discuss the construction of stator windings.

Discuss how an alternator is controlled by a redulator.

Select true statements concerning a brushless alterdator by placing an "X" in the
appropriate blanks.

. a lIsalow miléage unit "
__b. Isused on diesel engines only .
¢ Reéulator compartment is non-vented ’
_____d. Uses large bushings at.both ends
e Has extra large’grease reservoirs
_____f. Hasextrasmall lip seal to keep grease in, and dirt out
___.__g. Regulator compartment is air tight . -
h. Designed to operate between engine overhauls without attention . o~
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>
11. Select true statements concerning operation of a brushless alternator by placing an "X" .
in the appropriate blanks. , '
a. To generate voltage in the stator windings it is only necessary for the rotor
to cause alternating north and south magnetic lines to cut across the stator
windings
b. The field coil is mounted to the end frame !
_—— Y
c. The rotor is mounted on bearings and fits between the stator and field coil
. d. The field coil produces a north pole at the right hand side of the coil
e. Magnetic lines cross the air gap between the field coil and rotor to make all
the right hand rotor poles all north poles
f. The non-magnetic lines of force cannot go through the non-magnetic ring
directly; instead they pass through the air gap into the left hand, south
magnetic poles of the rotor; the magnetic lines then cross the air gap be-
tween the rotor and field coil and then into the field coil to complete the
magnetic path
g. The non-magnetic ring has diverted the magnetic field into the stator wind-
< ings, and as the rotor turns, AC voltage is generated in the stator windings .
12. Match the component parts of a transistorized regulator on the right with their correct
functions.
a. Devices made of.wire or carbon which produce 1. Transistor
»  aresistance to current flow ]
. 2. Thermistor
b. D!ode connected in a reverse bias, which 3. Resistors
will conduct a reverse current beyond a
predetermined voltage 4. Zener diode
c. Semiconductors which control the flow of
current by either allowing it to flow or
stopping it
d. Temperature-compensated resistor whose de-
o gree of resistance varies with the temperature
13. Select true statements concerning the operation of a transistorized regulator by placing
an "X" in the appropriate blanks.
a. Allows battery current to excite the alternator field coils
] b. Controls charging voltage at safe values during operatipn : .

31, ' '

[ 4
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. ~ 14. List five safety rules for working with an alternator charging circuit.

Demonstrate the ability to:
Test the alternator charging circuit and regulator.
Remove and replace an alternator.
Disassemble, test, and reassemble an alternator.
Test and repair a transistorized regulator.
Test an alternator with an 1.C. regulator ¢

(NOTE: If these activities have not been accomplished prior to the test, ask
- your instructor when they should be completed.)

ERI!

\
‘ Aruitoxt provided by Eic:
\
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ALTERNATOR CHARGING CIRCUITS
UNIT Vi
ANSWERS TO TEST
1. a. 10 d. -9 g 7 ji. 4
> b. 5 e. 8 h. 3 k. 2
c. ™ foo1 i. 6

2. The alternator charging circuit recharges the battery and maintains a supply of electri-
cal current to meet the operating needs of the equipment

! 3. aa b . 6
b. 2 e. 4
c. 3 f. 1 ‘
4
4. a. Driveend frame
b. Rotor assembly
. c. Stator assembly
~d. Slipringend frame
e. Diodes
f.  Brush assembly
. g. Pulley

5. C d
6. La.  Produces higher output at lower engine speeds
b. Simplicity in construction requires less maintenance and space

7. Explanation should include--Alternator has more pole pieces than the generator so
that many more magnetic lines of force are cut during one revolution of the rotor

8. Discussion should include--Windings have three phases or groups of windings, with
each winding connected to a positive and negative diode

“~
. 9. Discussion should include--Regulator places a resistence in the field circuit which

reduces current flow to the alternator rotor

10. e g, h

11. a,b,c,d, e, f,g




14. Any five of the fo|l'owing:

h.

Never attempt to polarize the circuit

- . - *
Be sure the battery is in good operating condition before making any tests or
adjustments

Never .operate the alternator in an open circuit, except when instructed in the
technical manual

Never short or ground the alternator terminals
[ 3

Do not disconnect the voltage regulator while the alternator is runniﬁg

Disconnect the negative battery cable first when removing the alternator or
battery '

Do not use acid-core solder on the alternator terminals; use only a rosin-core
solder

Never immerse the circuit components in cleaning solution

15. Performance skills evaluated to the satisfaction of the instructor

/.
/
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. EMERGENCY SHUT-DOWN CIRCUITS
, UNIT IX

UNIT OBJECTIVE

After completion of this unit, the student should be able to list the characteristics of a
temperature controlled system and arrange in order the operation of the oil pressure and
water temperature shut-off switches. The student should also be able to troubleshoot the
contactor switch for water temperature and test a shut-off and alarm system. This knowl-
edge will be evidenced by correctly performing the procedures outlined in the job sheets and
by scoring 85 percent on the unit test.

SPECIFIC OBJECTIVES

After completion of thjs unit, the student should be able to:

1. Match terms related to emergency shut-down circuits with their correct defini-
tions. )

2. List the characteristics of a temperature controlled system.
. 3. Select true statements concerning shut-off solenoids.
4. Select true statements coneerning the overspeed contactor switch.

5. Complete a list of functions of a pressure switch,

6. Arrange in order the operation of the oil pressure and water temperature shut-off

switches.
I4
’ 7. Select true statements concerning the oil pressu: contactor switch.
8. Complete a list of statements concerning the-operation of an alarm system.

9. Demonstrate the ability to:

a. Troubleshoot tb_e contactor switch for water temperature.

~

b.  Test a shut-off and alarm system.
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. " EMERGENCY SHUT-DOWN CIRCUITS : ‘ -
UNIT IX

SUGGESTED ACTIVITIES

I Provide student with objective sheet.

=
(. Provide student with information and job sheets.
. Make transparencies.
V. Disc'uss unit and specific objectives. *
V. Discuss information sheet. ‘
|
VI. Demonstrate and discuss the procedures outlined in the job sheets. i
VI Demonstrate to the class how to install an emergency shut-down circuit.
VIILL Discuss safety procedures pertaining to emergency shut-down:circuits.

IX. Take a field trip to at least 3 different truck shops to see different types of shut-
down circuits. -

(NOTE: Shut-down circuits can also be found anywhere that emergency gene- |
rators are located, such as, in hospitals, in shopping centers, on combines, and on ‘
irrigation systems.) }

X. Give test.
INSTRUCTIONAL MATERIALS

l. Included in this unit:
A. Objective sheet

B. Information sheet

C. Transparency masters .
1. TM 1--Typical Shut-Down Switches ) -
. 2. TM 2--Typical Shut-Down Switches (Continued)

3. TM 3--Typical Shut-Down Device and Wiring Diagram
4. TM 4--Oil Flow Schematic

. ] 5. TM5--Wiring Diagram for Alarm System




D. Job sheets .

1. Job Sheet #1--Troubleshoot the Contactor Switch for Water Tempera-
ture

»
2, Job Sheet #2«-Test a Shut-Off and Alarm System
E. Test . .

F.  Answers to test -

i, References:

A. 3406 Industrial and Marine Engines. Peoria, 1L: Caterpillar Tractor Co.,
1979, :

B. Fundamenta\/s of Service: Electrical Systems. Fourth Edition. Moline, iL:
Deere and Company, 1979.

C. Dagel, John F. Diese/ Engine Repair. New York: John Wiley and Sons,
Inc., 1982.

D. Detroit Diesel Allison, In-Line 71 Service Manual. Detroit, MI: General
Motors Corp., 1981,

»

ey
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. EMERGENCY SHUT-DOWN CIRCUITS
UNIT IX . )

- INFORMATION SHEET

I Terms and definitions
A.  Switch-Electrical or mechanical device that opens or closes a circuit

B. Magnetic switch--Same as a solenoid but does not have an activating device

C. Solenoid--An electric coil with a moveable iron core; when current flows
through the coil, it forms a magpet and the iron core moves to activate.a
device ' .

D. Temperature sending unit--Monitors engine coolant temperature

E. Heat sink--Usually a piece of metal that is used to absorb or dissipate heat {
away from a heat sensitive device

F. Normally open switch--A switch that isgctivated either manually or electri-
cally and returns to the open position when released

G. Normally closed switch--A switch that is activated by an electrical signal to
. shut down a device or an engine
H. Flow control switch--Senses coolant flow through system and warns operator
of immediate shut-down
I.  Overspeed governor--Protects engine from excessive rpm .
(NOTE: This is also known as an overspeed trip.)

J.  Murphy switch--An automatic shut-down switch for coolant, oil, and fuel
systems

I Temperature controlled system
A. Uses a coolant temperature contactor switch
B. Works in conjunction with a shut-off solenoid
C. Can be used with oil pressure switch
(. Shut-off solenoids (also called rack shut-off solenoid) (Transparencies 1, 2, and 3)
‘ A. Energized by any of the following:

1. Water temperature contactor switch

|

‘ . 2. O#l pressure contactor switch
i PN

i 31,
¥ .

 E

1 4
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Vi

Vi

C.

INFORMATION SHEET

3. Overspeed contactor switch ° .
4. Manual control switch

Work by overriding the governor and moving the fuel rack to the shut-off
position e

Shut off fuel supply

Overspeed contactor switch (\/

A. Mounted.to the tachometer drive

B. When the engine overspeeds, the contact points close and send a signal
to the shut-off solenoid

C. If the overspeed contactor switch is activated,-it will have %o be reset

Pressure switch - i

A. Used in automatic start-stop system S

B. De-energizes the rack solenoid after engine shut-down

Oil pressure and water temperature shut-off (Transparency 4)

A.

B.

Pressyrized oil enters line #1 from the auxiliary oil manifold #2

. P
The oil then flows behind the control piston in the oil pressure and over-
speed shut-off controt #3

Pressurized oil then flows through line #5 to the water temperature shut-off
valve #6 ‘ y

When the engine reaches too high a temperature, the valve opens and dumps
the oil b.ack into the oil pan

The o1l pressure switch senses the drop in oil pressure and signals the shut-off
solenoid, which shuts off the engine

Oil pressure contactor switch -

A
B.

C.

Is an electric switch

Signals the shut-off solenoid

.

On automatic start-stop systems, a double set of contacts opens to discon-
nect the starter solenoid

G

/
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\
. INFORMATION SHEET
————
VI, Alarm systems (Transparency 5) ,

A. Usesa light in the dash to warn driver of system failure
B. Uses a horn to warn driver of system failure

C. Has to be reset after engine has been stopped
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Typical Shut-Down Switches “ ,
| \
—
|
l
. !
Overspeed Contactor
Switch °
g 353 2
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Typical Shut-Down Switches

i ) (Continued)

L

Terminals (2)

Adjusting-Screw
> o

Terminals . Switch Block -~
Switch Actuating Levex, A Switch Button ¥
Bracket Spri 5 . Adjusting Screw
pring O .-
AL B+~ Spring

Locknut

Contact’ l;oints e Spring Contact Wheel -&==== _
Pressure Chamb/e: S a Diaph'«raw ) R
Drilled Passage |
é) General Motors Corporation . ' ‘ _ © General Motors Corporation
k " Oil Pressure Switch . Low Water Temperature Switch

355

Rlc 354 .
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Typical Shut-Down Device
~ and Wiring Diagram |
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Automatic Shut-Down Wiring Diagram
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0il Flow Schematic

(1) Oil Inlet Line

(2) Auxiliary Oil Manifold*

(4) Dump Line

(6) Oil Line )
. (6) Water Temperature
Shut-Off Control Valve

- *On later engines the oil inlet line connects to
the junction block welded to the aftercooler.

luw
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- Wiring Diagram for Alarm System

Water Temperature Contactor

\

\

\

/
g o
T

-8

Battery —

L

P

Oil Pressure Switch
* (Normally Closed)

W

Toggle Switch

il i

{,

l
Signal Light

High Water Temperature and Low Oil Pressure Alarm System

s ’ -

/

~

§/€-S3 :d
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' EMERGENCY SHUT-DOWN CIRCUITS '
. UNIT IX '

JOB SHEET #1--TROUBLESHOOT THE CONTACTOR SWITCH
’ ) FORWATER TEMPERATURE

I Tools and materials
\ A. Contactor switch
B. Metal block for heat sink

Thermometer 0-220°F

o o

Circuit tester or equivalent (12 volt test light)
Basic hand tool set -
Metal pan

Heating torch

r o6 m m

Drill motor

Drill bit 23/32"

. J. Pipetap 1/2" NPT

K. Appropriate service manual

Il Procedure

(CAUTION: Remove all jewelry before working on any electrical circuit and
follow all shop safety procedures.)

4

A. Use brass, steel, or cast iron to make a heat sink with the dimensions shown
(Figure 1)

FIGURE 1 23/32'1' Drili . coT
1/2" NPT ¢




JOB SHEET #1

Put identification marks on two wires that connect the conffgctor to the
circuit and disconnect the wires

Remove the contactor and install a pipe piug in its plack

Install the contactor in the heat sink and place in water; use blocks to
support heat sink (Figure 2) . ’

FIGURE 2

Thermometer

Connect continuity light toghe contactor leads

_Place the thermometer in the water (Figure 2)

Use a torch and heat the water to the recommended temperature range;
the contactor should activate

(NOTE: Refer to manufacturer's specifications.)

Replate the contactor if the continuity Iig\ht does not come on within
the temperature range specifications

Let the water cool down, and if the continuity light does not go off, replace
the contactor
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EMERGENCY SHUT-DOWN CIRCUITS
UNIT IX .

JOB SHEET #2--TEST A SHUT-OFF AND ALARM SYSTEM

I Tools and materials

A. Vehicle .

B. Pressure gauge 0-60 p.s.i.
Pipe nipple 1/8" x 3.5"
Cap
Two pipe nipples 1/8" x 2"
Two shut-off cock fittings

‘Three tees of various sizes

Two hose assemblies

r 6 ™ m O O

Circuit tester (12 volt test light) /
%
. J. Basic hand tool set .
K. Clean shop towels .
L. Jumper wire 12" with alligator clips ~
M. Metal pan
N. Appropriate service manual -
. Procedure .
[ ]

(CAUTION: Remove all jéwelry before working on any electrical circuit and \
follow all shop safety procedures.) />

A. Remove the cover from the switch and remove the wires from the normally
closed switch (Figure 1)

FIGURE 1

Pk

s Normally Normally  Common R
Closed B\. O%en W Terminal

‘ Terminal Terminal

3

- - %F
' ‘ o 365
' L J
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.

Y

B. Disconnect the™oil supply line from the switch and install the test equipment
(Figure 2) ’ ’

FIGURE 2

(2) f’ipe (3) Cap (4) Oil Supply Line

(1) Oil Pressure Gauge
Nipple

(5) Pipe Nipples (6? Shut-Off Cock

(7) Shut-Off Cock

(8) Tees

(10) Tee

-

(9) Hose Assembly

-~

C. Connect the hose from tee #10 to the switch; ;5|ace the other hose from
the #7 shut-off cock into the pan

D. Connect the circuit tester betwéen the common and normally closed termi-
nal; the light will light on the tester

E. Close the #7 fitting and open the #6 fitting

F. Look at the pressure gauge while” having someone start the engine; the
light on the tester must go out when the oil pressure reaches test specifica-
tions; if it does not, replace the switch |

G. Close shut-off cock #6 and slowly open shut-off cock #7; the light should
come on; if not, replace the switch

6.,
Gy
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) EMERGENCY SHUT-DOWN CIRCUITS
UNIT IX
' 4

- - NAME

D: ES-381

TEST =

-

* M
1. Match terms on the right with their correct definitions.

.
a. Electrical or mechdnical device that opens or

closes a circuit

b. Same’.as a solenoid but does notyhave an. ,
activating device . ’ v

! ‘

c. An electric coil with a moveable iron core;

hen current flows through the coil it forms a

magnet and the iron core moves to activate a
device i’

d. Maintains engine coolant temperature

- ‘

e. Usually a piece of metal that is used to
absorb or dissipaté heat away from a heat

sensitive device
-

f. A switch that is"activated either manually or
electrically and returns to the open position
when released

g. A swifch that is activated by an electrical
signal to shut down a device or an engine

h. Senses coolant flow through system and
warns operator of immediate shut-down

i. Protects engine from excessive rpm'

j. An automatic shut-down switch for coolant,
oil, and fuel systems

2. List the characteristics of a temperature controlled system.

9.
10.

" switch

Temperature
sending unit

Normally closed

Overspeed
governor,

.Switch
Solenoid
eat sink

Nosmally open
switch

Murphy’switch
Magnetic switch

Flow control
witch

ll} {; ":)"




382

. 4
: 3. Select true statements concerning shut-off solenoids by placing an "X" in the appro-

priate blanks.
(NOTE: A statement is true only if all parts of the statement are true.)

5 a. Energized by any of the following:

1) Water temperature contactor switch
2) Oil pressure contactor switch
3) Overspeed contactor switch

- , 4) Manual control switch

b. Works by overriding the governor and moving the control switch to the
shut-off podition’

c. Shut off fuel supply

4. Select true statements concerning the overspeed contactor switch by placingan "X" in
the appropriate blanks. .

a. Mounted to the tachometer drive

b. When the engine overspeeds, the contact points open and send a signal
to the shut-off solenoid

c. If the overspeed contactor switch is not activated, it will have to be reset

5. Complete the following list of the functions of the pressure switch.

/

a. Used in automatic start-stop system

b. De-energizes the rack solenoid after

.
6. Arrange in order the operation of the oil pressure and water temperature shut-off
. switches by placing the correct sequence number in the appropriate blank.

a. The oil pressure switch senses the drop in oil pressure and signals the shut-off
.solenoid, which shuts off the engine

v ’

b. Pressurized oil then flows through line #5 to the water temperature shut-off
valve #6 ¢

¢c. Pressurized oil enters line #1 from the'auxiliary oil manifold #2

) d. The oil then flows behind the control piston in the oil pressure and over-
| speed shut-off control #3 .

e. When the engine reaches too high a temperature, the valve opens and dumps
the oil back into the oil pan

ERIC-

Aruitoxt provided by Eic:




D: £S-383
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7. Select true statements concerning the oil pressure contactor switch by placingan " X"
in the appropriate blanks. d : )

a. lIsan electric switch
b. Signals the shut-qﬁ solenoid

c. On automatic start-stop systems, a double set of contacts closes to discon-
_nect the starter solenoid ~

»

8. Complete a list of statements concerning the operation,of an alarm system.

a. Uses a lightin dash to warn driveriﬁ, . 4
) failure

b.. Uses a horn to warn driyer of systerf

c¢. Has to be reset after A,

9. Demonstrate the ability to: . ,
a. Troubleshoot the contactor switch for water temperature.

b. Test a shut-off and alarm system.
(NOTE: If these activities have not been accomplished prior to the test, ask your "
instructor when they should b#® completed.) .
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o ' EMERGENCY SHUT-DOWN CIRCUITS
’ \ UNIT IX

ANSWERS TO TEST o

) . a 4 e. 6 i, 3 .
b. 9 f. 7 . 8 toe
’ c. b g, 2 ( ] -
LT B
d . 1 ho10
2. a.  Uses a coolant temperature contactor switch .

b. Worksin conjunction with a shut-off solenoid

c. * Canbe used with oil pressure switch ¥
- - +
3. a,c
4. a . ) s )
. : 'v.6. b. Engirfe=shut-down
6. a. 5 Sod 2
! o b. 3 e. 4 . ' C .
c. 1 ] .
. - >
7. ab
K 8. a.  System failure ’ . ¢
. . - f ’
. . 3
c. _ Engine has been stopped
- . e v
~ 9, Performance skills evaluated to thesatisfaction of the instructor
\ . ’ - . - N *
§* .
- ‘- -/ 3
¢ s 4
/‘ |
R [} 4
-~ - “




